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(54) TiUe: VEGF-RELATED PROTEIN 
(57) Abstract 

A human VEGF-relatcd protein (VRP) has been 
identified and isolated that binds to, and stimulates the 
phosphorylation of, the receptor tyrosine kinase Flt4. 
The VRP is postulated to be a third member of the 
VEGF protein family. Also provided arc antibodies that 
bind to VRP and neutralize a biological activity of VRP, 
compositions containing the VRP or antibody, methods 
of use, chimeric polypeptides, and a signal polypeptide 
for VRP. 
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BACKGROT J^n QF THF rNVFNT|n]^ 

Fjel^ pf th? [nvennpn 

The prcsem invention pertains generally to a receptor protein tyrosine kinase (rPTK) iigand. More 
panicuiariy, the invention relates to a novel ligand. designated VEGF-reiated protein (VRP) or VHl, which binds 
to, and stimulates the phosphorylation of, the Flt4 tyrosine kinase receptor (also known as the Sal-S 1 receptor) 
and the isolation and recombinant production of the same. 
Description of Related Arr 

The formation of new blood vessels either from differentiating endothelial cells during embryonic 
development (vascuiogenesis) or from pre-existing vessels during adult life (angiogcnesis) is an essential feature 
of organ development, reproduction, and wound healing in higher organisms. Folkman and Shing, J. Biot. 
QISHL. 2^: 10931-10934 (1992); Reynolds e: a/.. FASER J . ^: 886-892 (1992); Risau era/., Develonm^r 
m 471-478 (1988). Angiogcnesis is also necessary for certain pathological processes including Uimorigenesis 
(Folkman, r^OTPT M?<;iiging, i: 27-3 1 [ 1 995]) and retinopathy. Miller et ai , Am. J. Pnthnl . 145 : 574-584 ( 1 994). 

While several growth factors can stimulate angiogcnesis (Klagsbrun and D'Amore, Ann. Rev. Phv5;ml 
il: 217-239 [1991]; Folkman and Klagsbrun, SsklKS, 211'- 442-447 [1987]), vascular endothelial growth factor 
(VEGF) (Fcrrara et aL^ Endg . l^?v,. ij: 18-32 [1992]) is a potent angiogenic factor that acts via the endothelial 
ccIl-specific receptor tyrosine kinases frns-like tyrosme kinase (Fltl) (Shibuya et ai. Oncogene. 1: 519-524 
[ 1 990]; de Vries et ai , Sgi?ngC, 2il: 989-99 1 [ 1 992]) and fetal liver kinase (Flk 1 ) (also designated ICDR), Quinn 
PrPg. Natl . A^nd.Sgj . Uf^A , 212: 7533-7537 ( I993); Miilauer et aL^ CdL 22: 835-846 (1993); Matthews 
et al.. PrgC . Natl , Arn^l TISV M: 9026-9030 (1991); Tennan et ai. Biochem. Rionhvs. Res. Commnn., m 
1 579- 1586(1 992); Terman et ai , QnCPggng. 6: 1 677- 1 683 ( 1 99 1 ); Oelrichs et ai , Oncogene. ^: 1 1 - 1 8 ( 1 993 ). 
These two VEGF receptors and a third orphan receptor, FIt4 (Pajusola et ai. Cancer Res.. ^: 5738-5743 [1992]; 
Galland et ai, OnCPgCn? . 1 1233-1240 [1993]; Finnercy et ai. Oncogene , fi: 2293-2298 [1993]) constitute a 
subfamily of class III receptor tyrosine kinases that contam seven extracellular immunoglobulin-like domains 
and a split intracellular ryrosme kinase domain. Mustonen and Alitalo, J. Cell. BioL . 129 : 895-898 (1995). See 
also WO94/10202 published 11 May 1994 and PCT/US93/005 86 filed 22 January 1993 (Avraham e/^/.). These 
three receptors have 31-36% ammo acid identity in their extracellular ligand-binding domains. 

Mice deficient in FItl (Fong et ai, Nggire, U^: 66-70 [1995]) or Flkl (Shalaby et ai, Namre. 376 : 62- 
66 [1995]) (generated by gene targeting in embryonic stem cells) have severe defects m vascuiogenesis and die 
m utero at embryonic day 8-9. The phenotype of the receptor-deficient mice differs considerably, however. 
Mice lacking Fltl have a disorganized vascular endothelium that extends to the major vessels as well as to the 
microvasculamre. while endothelial ceil differentiation appears to be normal. Fong et ai. supra. Mice lacking 
Flkl have a major defect m the development of mature endothelial cells as well as a severe reduction m 
hematopoietic ceil progenitors. Shaiaby ei al . supra. Thus. VEGF may act on endothelial cells at more than 
one stage of vascuiogenesis. 

Flt4 is also specifically expressed in endothelial ceils; it is first observed in day 8.5 mouse embryos in 
endothelial cell precursors. Kaipamen a/., Proc. Natl A cad. Sci (ISA Q^^ 3566-3570 (1995); Kaipamcn ^/ 
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g/-. J. E^P, Mgcj.. m: 2077-2088 (1993). See also Hatva g/ ai. Am J. Pathol.. 146- '^f.R.'Xl?. noo^) 
development proceeds, Flt4 expression becomes confmed to the venous and lymphatic endothelium and is finally 
restricted to the lymphatic vessels. Consistent with this fmding, adult human tissues show Flt4 expression m 
lymphatic endothelia while there is a lack of expression in anenes, veins, and capillaries. Kaipainen et ai.. Proc. 
Nat l. Acad . f^Cl , U^A supra. Clones encoding human and mouse Flt4 have been isolated cither by PCR with 
primers from conserved tyrosine kinase regions (Finncrty et aL supra-, PCT/US 93/005 86, supra-, Aprclikova et 
ai, Canggr Rcr? ,. 746-748 [1992]) or by low-stringency hybridization with a Flk2 probe. Galland et aL, 
Q'^"^^^^^^' -LI: 475-478 (1992). Alternative splicing of the Flt4 mRNA produces two vanants of the protein 
differing by 65 ammo acids at the C-terminus. Pajusola et aL, Oncogene, 5: 293 1-2937 (1993). These variants 
migrate as bands of 170-190 kDa that are partially cleaved proteolytically in the extracellular domain to produce 
a form of about 125 kDa. Pajusola et aL, Oncogene. ^, supra; Pajusoia et aL, Oncogene. 2: 3545-3555 (1994). 
Expression of the longer spliced form of FIt4 as a chimera with the exn^ccllular domain of the CSF-1 receptor 
shows that the Flt4 intracellular domain can signal a ligand-depcndent growth response in rodent fibroblasts. 
Pajusola et aL, 0ngpg?n? , 2, supra-, Borg et aL, Qn^^^^^f;, 1^: 973-984 (1995). Flt4 has been localized to 
15 human chromosome 5q34-q35 (Aprclikova et aL, supra-, Galland et aL, Genomics, supra); Fltl and Flkl arc 
located at 13ql2 (Imben et aL, CvT9ggp?t. Cyj] G^nf>T ^: 175-177 [1994]) and 4ql2. Sait ef a/., Cvtogenet. 
Cell (;?en?t„2Q: 145-146(1995); Spritz et aL. Genomics . 27- 431-436(1994). 

VEGF is a homodimeric, cystcme-rich protem that can occur in at least four forms due to alternative 
splicing of its mRNA. ^^tttm^ et aL, supra. While VEGF is a high-affmity ligand for Fltl and Flkl, it does not 
2 0 bind or activate Flt4. Pajusola e/ a/., OnS^jgene, 2. ^"pra. The only other closely related member of the VEGF 
family is placental growth factor (PIGF), which has 47% amino acid identity with VEGF. Magiionc et aL, Proc. 
Nat l. A??<j, TJSA , M: 9267-9271 (1991). PIGF also occurs in two altemativeiy spliced forms which differ 
in the presence or absence of a basic heparin binding domain of 21 amino acids. Magiione et aL, Oncogene, i: 
925-93 I ( 1 993); Hauser and Weich, Qrgwth f^mv^ 2: 259-268 (1 993 ). PIGF binds to Fit 1 but not to Flk 1 
2 5 (Park et aL, J, B\<?1 Cherr^ . . 269: 25646-25654 [1994]); it is believed that its binding to Flt4 has not been 
determined. PIGF fails to duplicate the capillary endothelial cell miiogenesis or vascular permeabiliry activities 
of VEGF, suggesting that these activities are mediated by the Flkl receptor. Park et aL, supra. 

Molecules that modulate the Flkl receptor or neutralize activation of a VEGF receptor arc disclosed 
m the patent literature. For example, WO 95/21613 published 17 August 1995 discloses compounds that 
modulate KDR/Flkl receptor signal transduction so as to regulate andyor modulate vasculogencsis and 
angiogenesis and disclose using Flkl to evaluate and screen for drugs and analogs of VEGF involved in Flkl 
modulation by either agonist or antagonist activities; WO 95/21865 published 17 August 1995 discloses 
molecules immunointeractive with animal neuroepithelial kinase (NYK)/Flkl, which molecules can be used to 
provide agents for treatment, prophylaxis, and diagnosis of an angiogenic-dependent phenotype; and WO 
95/21868 published 17 August 1995 discloses monoclonal antibodies that specifically bind to an exn^cellular ' 
domain of a VEGF receptor and neutralize activation of the receptor. 



30 



35 



-2- 



comprising administering to the mammal an effective amount of the composition containing 
the VRP. 

The invention also provides a method which involves contacting the Flt4 receptor 
with the VRP to cause phosphorylation of the kinase domain thereof For example, the 
invention provides a method for stimulating the phosphylation of a tyrosine kinase domain of 
a Flt4 receptor comprising contacting an extracellular domain of the Flt4 receptor with the 
VRP. 

The invention also provides a monoclonal antibody which binds to the VRP and 
preferably also neutralizes a biological activity of the protein, one biological activity being 
characterized as promoting neovascularization or vascular permeability or vascular 
endothelial cell growth in a mammal. Alternatively or conjunctively, the invention provides 
a monoclonal antibody which binds to the N-terminal portion from residues -20 through 137, 
inclusive, or from residues +1 through 137, inclusive, of the amino acid sequence shown in 
Figure 1. The antibody can be used, for example, to detect the presence of the VRP in a 
biological sample suspected of having the protein, or to treat patients. The invention 
contemplates a pharmaceutical composition comprising such antibody and a 
pharmaceutical ly acceptable carrier, as well as a method of treating diseases or disorders 
characterized by undesirable excessive neovascularization or vascular permeability in a 
mammal comprising administering to said mammal an effective amount of one of the 
antibodies described above. Further 
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SUMMARY OF THE INVENTION 

cDNA clones have now been identified that encode a novel protein, designated VRP, 
which binds to and stimulates the phosphorylation of the receptor tyrosine kinase Flt4. VRP 
is related in amino acid sequence to VEGF, but does not interact appreciably with the VEGF 
receptors, Fltl and Flkl. 

In one aspect, the invention provides isolated biologically active human VEGF- 
related protein (VRP) containing at least 265 amino acids having the ability to bind and 
stimulate phosphorylation of a Flt4 receptor. In another aspect, the invention supplies 
isolated biologically active human VEGF-related protein (VRP) comprising an amino acid 
sequence comprising at least +1 through 29, inclusive, of Figure 1. In a further aspect, the 
invention supplies isolated biologically active human VRP comprising an amino acid 
sequence shown as residues -20 through 399, inclusive, or residues 1 through 399, inclusive, 
of Figure 1, 

The invention also pertains to chimeras comprising VRP fused to another polypeptide. 
For example, the invention provides a chimeric polypeptide comprising the VRP fused to a 
tag polypeptide sequence. An example of such a chimera is epitope-tagged VRP, 

In another aspect, the invention provides a composition comprising biologically active 
VRP and a pharmaceutically acceptable carrier. In a more specific embodiment, the 
invention provides a pharmaceutical composition useful for promotion of vascular or lymph 
endothelial cell growth comprising a therapeutically effective amount of the VRP in a 
pharmaceutically acceptable carrier. In another aspect, this composition further comprises 
another cell growth factor such as VEGF and/or PDGF, 

In a further aspect, the invention provides a method of treating vascular tissue and 
promoting angiogenesis in a mammal comprising administrating to the mammal an effective 
amount of the composition comprising VRP. In another embodiment, the invention provides 
a method for treating trauma affecting the vascular endothelium comprising administering to 
a mammal suffering from said trauma an effective amount of the composition containing the 
VRP. The trauma is, for example, diabetic ulcers or a wound of the blood vessels or heart. 
In another embodiment, the invention provides a method for treating a dysfunctional state 
characterized by lack of activation or lack of inhibition of a receptor for VRP in a mammal 
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included by the invention is a method for treatmg a dysftinctionai state characterized by excessive activation or 
inhibition of a receptor for VRP in a mammai compnsmg admmistenng to the mammal an effective amount of 
one of the antibodies described above. 

In addition, the invention contemplates a peptide consistmg of an ammo acid sequence shown as 
residues -20 through -K inclusive, of Figure 1, 

In a further embodiment the invention provides an isolated nucleic acid molecule encoding VRP or a 
VRP chimera. In one aspect, the nucleic acid molecule is RNA or DNA that encodes a biologically active VRP 
or is complementary to nucleic acid sequence encoding such VRP, and remains stably bound to it under stringcm 
conditions. The nucleic acid molecule optionally includes the regions of the nucleic acid sequences of Figure 
1 which encode signal sequences. In one embodiment, the nucleic acid sequence is selected from: 

(a) the coding region of the nucleic acid sequence of Figure I that codes for the prcprDtein from residue 
-20 to residue 399 or that codes for the mature protein from residue 1 to residue 399 (i.e., nucleotides 372 
through 1628, inclusive, or nucleotides 432 through 1628, inclusive, of the nucleic acid sequence shown in 
Figure 1 as SEQ ID NO: 1); or 

(b) a sequence corrcspondmg to the sequence of (a) within the scope of degeneracy of the genetic code. 
In another aspect, the nucleic acid molecule can be provided in a rcplicable vector comprising the 

nucleic acid molecule operably linked to control sequences recognized by a host cell transfected or transformed 
with the veaor. The invention further provides a host cell comprising the vector or the nucleic acid molecule. 
A method of producmg VRP is also provided which comprises culturing a host cell compnsmg the nucleic acid 
molecule and recovering the protein from the host cell culture. 

BRIEF PFSPR TpTyn]^j qf tHF OR A WfNJH^ 
Figures I A- ID depict the nucleotide coding sequence (SEQ ID NO: I), nucleotide complementary 
sequence (SEQ ID NO: 2), and deduced amino acid sequence (SEQ ID NO: 3) of the human VRP described 
herein. 

Figure 2 depicts binding of Flt4/IgG and of Rse/IgG (an unrelated receptor fusion protein) to the human 
glioma cell line G61, which binding was evaluated by FACS analysis. 

Figures 3A and 3B respecuvely depict a map of cDNA clones encoding human VRP and an alignment 
of the protein sequence VRP (SEQ ID NO: 3) with that of VEGF^^ j (SEQ ID NO: 4) and PlGFj3 j (SEQ ID 
NO: 5). Figure 3 A shows the extent of four VRP cDNA clones; dashed lines indicate the missmg portions of 
VHl.l and VHK3. Arrows indicate restriction enzyme sites; the shaded box mdicates the putative secretion 
signal sequence; the open box indicates the mature protein; Y-type designations within the open box indicate the 
potential N-Iinkcd glycosylation sites; and vcnical lines indicate the cysteine residues. A diagram of VEGF12 1 
is shown for companson. The hydropathy plot (Kyle and Doolittie, J. Mo\. Biol. . 157 : 105-132 [1982]) is for 
VRP. In Figure 3B, overiming indicates the region encoded by an expressed sequence tag (EST) (sequence of 
a ponion of a cDNA clone) from GenBank designated HSCl WFl 11. 

Figure 4 depicts a map of the cDNA clone for full-lengih human VRP herein versus eleven ioiown 
ESTs. The eleven EST partial amino acid sequence fragments are H07991 and H07899 (5' and 3' ends of the 
same cioned fragment, respectively), H05134 and H05177 (3' and 5' ends of the same cloned fragment, 
respectively), HSCI WF 1 1 2 and HSC ] WFM 1(3' and 5' ends of the same cioned fragment, respectiveiv). T8 !48 1 
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and T8I690 (3' and 5' ends of ihc same cloned fragmenu respcctivciy), R77495 (a 3' end of a cloned fragment), 
and T84377 and T89295 (5' and 3' ends of the same cioned fragment, respectively). 

Figure 5 depicts binding of ^^^I-Flt4/IgG to purified VRP. The binding was performed in the absence 
(-) or presence (-h) of 100 nM receptor IgG fusion protein (Fig. 5A) or with increasing concentrations of Flt4/IgG 
5 (Fig. 5B). 

Figure 6 shows a graph of the cell count of human lung microvascular endotheiiai ceils as a function 
of the concentration of VEGF or VRP in the cell culture medium to assess and compare mitogenic activity. 

DETAII.FD PPISCFTPTION OF THF PREFFRRFD F MBODIMFNTS 
I. Defmitions 

In describing the present invention, the following terms will be employed, and arc intended to be 
defmed as indicated below. 

''Human VRP" is defmed herein to be a polypeptide sequence containing at least residues -20 to 399, 
inclusive, or residues + 1 to 399, inclusive, of the ammo acid sequence shown in Figure 1, including residues -5 
to 399, inclusive, and residues -4 to 399. inclusive, of the ammo acid sequence shown in Figure 1, as well as 

IS biologically active deletional, insenional, or substitutional variants of the above sequences having at least 265 
amino acids and/or having at least residues -hI through 29. inclusive, of Figure I. In a preferred embodiment, 
the protein sequence has at least residues +1 through 137, inclusive, of Figure 1. more preferably at least 
residues -20 through 29, inclusive, of Figure 1, and most preferably at least residues -20 through 137, inclusive, 
of Figure I, In another preferred embodiment, the biologically active variants have a length of 265 to about 450 

20 amino acid residues, more preferably about 300^50, even more preferably about 350-450, and most preferably 
about 399-419 amino acid residues. Another preferred set of variants are variants that are insenional or 
substimtionai variants, or deletional variants where the deletion is in the signal sequence and/or is not in the N- 
terminai region of the molecule (re., residues 1-29, preferably residues 1-137), The defmition of VR? excludes 
all known EST sequences, such as, e.g., H07991, H05134, H05177, HSC1WF112, HSClWTlll, T81481, 

25 R77495. H07899, T84377, T81690. and T89295, as well as ail forms of VEGF and PIGF. 

"Biologically active" for the purposes herein means having the ability to bind to, and stimulate the 
phosphorylation of. the FU4 receptor. Generally, the protein will bind to the extracellular domain of the Flt4 
receptor and thereby activate or inhibit the mtracelluiar tyrosmc kinase domam thereof. Consequently, binding 
of the protcm to the receptor may result in enhancement or inhibition of proliferation and/or differentiation and/or 

3 0 activation of cells havmg the Flt4 receptor for the VRP tn vivo or in vitro. Binding of the proiem to the Flt4 
receptor can be dctcrmmcd using conventional techniques, including competitive binding methods, such as RlAs, 
ELISAs, and other competitive binding assays, Ligand/receptor complexes can be identified using such 
separation methods as filtration, centrifugation, flow cytometry (sec, e.g., Lyman et ai. Cell. 21:1 157-1 167 
[1993]; Urdal et ai, J. Biol. Chem . 2^:2870-2877 [1988]; and Geanng et ai, EMBO J. . ^:3667-3676 [1989]), 

3 5 and the like. Results from bmding studies can be analyzed usmg any conventional graphical representation of 
the bmdmg data, such as Scatchard analysis (Scatchard, Ann. NY Acad, Sci. .5 1 :660-672 [1949]; Goodwin et 
ai. Cgll. 21:447-456 [1993]), and the like. Smcc the VRP induces phosphorylation of the Flt4 receptor, 
conventional ryrosinc phosphorylation assays, such as the assay descnbed m Example 5 herem. can also be used 
as an indication of the formation of a Flt4 receptor/VRP complex. 
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The term "epitope tagged" when used hereu, refers to a chimenc polypeptide cotnpnsmg the entue 
VRP, or a portior: thereof, fosed to a "tag polypeptide". The tag polypeptide has enough residues to provide an 
epitope against which an ant.body thereaga.nst can be made, yet .s shoa enough such that it does not interfere 
with activity of the VRP. The tag polypeptide preferably also is fairly unique so that the antibody thercagainst 
docs not substantially cross-react with other epitopes. Suitable tag polypeptides generally have at least six amino 
acid residues and usually between about 8-50 ammo acid residues (preferably between about 9-30 residues). 

"Isolated," when used to describe the various proteins disclosed herein, means protein that has been 
identified and separated and/or recovered from a component of its natural enviromnent. Contaminant 
components of its namial enviromnent are materials that would interfere with diagnostic or therapeutic uses for 
the protein, and may mclude enzymes, hormones, and other proteinaceous or non-proteinaceous solutes. In 
preferred embodiments, the protein will be purified (1) to a degree sufficient to obtain at least 15 residues ofN- 
terminal or internal ammo acid sequence by use of a spinning cup sequenator. or (2) to homogeneity by SDS- 
PAGE under non-reducing or reducing conditions using Coomassie blue or, preferably, silver stain. Isolated 
protein includes protein m s.tu withm recombinant cells, since at least one component of the VRP „amral 
enviromnem will not be present. Ordinarily, however, isolated protein will be prepared by at least one 
purification step. 

-Essentially pure" protein means a composition comprising at least about 90% by weight of the prxjtein, 
based on total weight of the composition, preferably at least about 95% by weight. "Essentially homogeneous" 
prr^tein means a composition comprising at least about 99% by weight of protein, based on total weight of the 

2 0 composition. 

Ail -isolated" VRP nucleic acid molecule is a nucleic acid molecule that is identified and separated from 
at least one contaminant nucleic acid molecule with which it is ordinarily associated in the namral source of the 
VRP nucleic acid. An isolated VRP nucleic acid molecule is other than in the form or sening in which it is found 
in nanire. Isolated VRP nucleic acid molecules therefore are distinguished from the VRP nucleic acid molecule 
as it exists in natural cells. However, an isolated VRP nucleic acid molecule includes VRP nucleic acid 
molecules contained in cells that ordmarily express VRP where, for example, the nucleic acid molecule is in a 
chromosomal location different from that of naniral cells. 

The isolated VRP polypeptide, VRP nucleic acid, or VRP antibody may be labeled for diagnost.c and 
probe purposes, using a label as descnbed and defined ftmher below ui the discussion on uses of VRP antibodies. 

The expression "control sequences" refers to DNA sequences necessary for the expression of an 
operably linked coding sequence In a pan.cular host organism. TTie control sequences that are suitable for 
prokaryotes, for example, include a promoter, optionally an operator sequence, a ribosome binding site, and 
possibly, other as yet poorly understood sequences. Eukaryot.c cells are known to utilize promoters, 
polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked' when it is placed mto a ftmctional relationship with another nucleic ' 
acid sequence. For example. DNA for a preseque.nce or secretory leader is operably linked to DNA for a 
polypeptide if it is expressed as a preproiem that panicpates in the secretion of the polypeptide: a promoter or 
enhancer is operably linked to a coding sequence if it affects the transcnpnon of the sequence: or a nbosome 
binding site is operably linked to a coding sequence if i, is positioned so as to facilitate translation. Generallv. 
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"opcrably linked" means tha. the DNA sequences being linked are contiguous, and, in the case of a secretorv 
leader, cont.guous and in reading phase. However, enhancers do not have to be cont.guous. Linking i's 
accomphshed by ligat.on at conven.enc restnction sues, .f such sites do not ex.st. the synthet.c oiigonucleot.de 
adaptors or linker, are used in accordance with conventional practice. 

TTie tenn "antibody" is used in the broadest sense and specifically covers single ant-VRP monoclonal 
anabod.es (tncluding agontst and antagonist anybodies) and anri-VRP antibody compositions with poiyep.top.c 
specificity. r k 

TTie term "monoclonal antibody" as used herein refers to an ant.body obtained from a population of 
substantially homogeneous antibodies. ... the individual antibodies cotnpnsing the population are identical 

except for possible naiurally-occumng mutations that may be present in minor amounts. Monoclonal antibodies 
arc highly specific, being directed against a single antigenic s.te. Furthermore, in contrast to conventional 
(polyclonal) antibody preparations which typically include different antibodies directed agamst different 
determmants (epitopes), each monoclonal antibody is directed against a sutgle determinant on the antigen 

■n.e monoclonal antibodies herein include hybrid and recombinant antibodies produced by splicing a 
vanable (including hypervariable) domain of an anti- VRP antibody with a constant domain (e.g. "humanized" 
antabodies). or a light chain with a heavy chain, or a chain from one species with a chain from another species 
or fusions with heterologous protems. regardless of species of origin or immunoglobulin class or subclass 
designation, as well as antibody fragments (e.g.. Fab. F(ab%. and Fv), so long as they exhibit the desired 
biological activity. See. e.g. U.S. Pat. No. 4.8.6.567 and Mage and Lamoyi. in Mo.oC.n., ....... 

Prodtlgnon T^rhniqugs and Arrlir^rion^ . pp.79-97 (Marcel Dekkcr. inc.: New York, 1987). 

TTius. the modifier "monoclonal" indicates the charaaer of the antibody as being obtained from a 
substantially homogeneous population of antibodies, and is not to be construed as requiring production of the 
antibody by any patticuiar method. For example, the monoclonal antibodies to be used in accordance with the 
present invention may be made by the hybridoma method first described by Kohler and Milstein. 2ifi-495 
(1975), or may be made by recombmant DNA methods. U.S. Pat. No. 4.816.567. ITie '■monoclonal antibodies- 
may also be isolated from phage libraries generated using the techniques described in McCafferry e, al 
m-552-554 (1990), for example. 

"Humanized" forms of non-human (e.g. murine) antibodies are specific chimeric immunoglobulins 
.mmunoglcbulin chains, or fragments thereof (such as Fv. Fab. Fab'. F(ab-). or other antigen-binding 
subsequences of antibodies) which contam minimal sequence denved from non-human immunoglobulin For 
the most pan. humanized antibodies are human immunoglobulins (recipient antibody) in which residues from 
a complementary dctermming region (CDR) of the recipiem are replaced by residues from a CDR of a non- 
human species (donor antibody) such as mouse, rat. or rabbit having the desired specificity, affinity, and capacity 
In some instances. Fv framework region (PR) residues of the human immunoglobulin are replaced bv 
corresponding non-human residues. Furthermore, the humanized antibody mav comprise residues which are 
found neither in the recipient ant.body nor m the unpoaed CDR or framework sequences. Tl,ese modifications 
are made to ftirther ref-ine and optimize antibody periormance. In general, the humanized ant.bodv will compnse 
substannaily all of at least one. and typicallv rwo. vanable domains, in wh.ch all or substantiallv all of .he CDR 
regions correspond to those of a non-human immunoglobulin and all or substantially all of the FR regions are 
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those of a human immunoglobulin consensus sequence. The humanued antibody optunally also wUl compose 
at least a ponion of an immunoglobulin constant region (Fc), typically that of a human immunoglobulin. 

As used herein, "vascular endothelial cell growth factor." or "VEGF." refers to a mammalian growth 
factor derived origmally from bovine pituitary follicular cells having the amino acid sequence of Fig. 2 of WO 
5 90/13649. and has the human amino acid sequence of Fig. 10 of WO 90/13649. See also U.S. Pat No. 
5.194.596. which discloses bovine VEGF of 120 amino acids and human VEGF of 121 amino acids. The 
biological activity of native VEGF is capable of promoting selective growth of vascular endothelial cells but not 
of bovine corneal endothelial cells, lens epithelial cells, adrenal conex cells. BHK-21 fibroblasts, or 
keratin ocytes. 

1 0 The expression "trauma affecting the vascular endothelium" refers to trauma, such as injuries, to the 

blood vessels or heart, including the vascular network of organs, to which an animal or human, preferably a 
mammal and most preferably a human, is subjected. Examples of such trauma include wounds, incisions, and 
ulcers, most preferably diabetic ulcers and wounds or lacerations of the blood vessels or heart. Trauma includes 
conditions caused by internal events as well as those that are imposed by an extrinsic agent such as a pathogen. 

15 which can be improved by promotion of vascular endothelial cell growth. It also refers to the treamient of 
wounds in which neovascularization or re-endothelialization is required for healing. 

"Promotion of vascular or lymph endothelial cell growth" refers to inducing or increasing the growth 
of vascular or lymph endothelial cells, including human lung microvascular endothelial cells. 

-Disorders related to vasculogenesis and angiogenesis" include cancer, diabetes, hemangioma, and 

2 0 Kaposi's sarcoma. 

-Diseases or disorders characterized by undesirable excessive neovascularization or vascular 
permeability" refer to diseases or disorders that include, by way of example, excessive neovascularization, 
tumors, and especially solid malignant mmors, rheumatoid arthritis, psoriasis, atherosclerosis, diabetic and other 
retinopathies, retrolental fibroplasia, age-related macular degeneration, neovascular glaucoma, hemangiomas, 
thyroid hyperplasias (including Grave's disease), corneal and other tissue transplantation, and chronic 
inflammation. Examples of diseases or disorders characterized by undesirable excessive vascular permeability 
include edema associated with brain tumors, ascites associated with malignancies. Meigs' syndrome, lung 
inflammation, nephrotic syndrome, pericardial effUsion (such as that associated with pericarditis), and pleural 
efSision. 

-Dysfiinctional states characterized by excessive activation or mhibition of a receptor for VRP" (such 
receptor including Flt4) refer to disorders or diseases that would be beneficially treated by providing to a 
mammal having such a pathological condition an antagonist to VRP, such as a chimera of Flt4 or its extracellular 
domain (e.g.. an IgG fusion with Flt4) or an antibody to VRP. 

-Dysfuna.onal states charactenzed by lack of activation or lack of inhibition of a receptor for VRP" 
(such receptor including Flt4) refer to disorders or diseases that would be beneficially treated by providing VRP ~ 
or a VRP receptor agonist to a mammal with such a pathological condition. 

-Treatment" refers to both therapeutic treatment and prophylactic or preventative measures. Those m 
need of treamient mclude those a^eady with the disorder as well as those prone to have the disorder or those in 
which the disorder is to be prevented. 
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"Mammal" for purposes of treatment refers to any anmiai classified as a mammai, including humans, 
domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats, cows, etc. Preferably, the 
mammal herein is human. 

"Effective amounf or "■therapeutically effective amount" of the VRP, VRP composition, antibody, or 
antibody composition is an amount that is effective cither to prevent, lessen the worsenmg of, alleviate, or cure 
the treated condition. For example, an effective amount of VRP includes that amount which is sufficient to 
enhance the growth of vascular endothelium m vtvo or to treat trauma, and an "effective amoum'* of VRP 
antibody includes that amount which is sufficient to reduce excess neovascularization and angiogenesis. 
Modes for Carrying O ut the Inven^jng 

The present invention is based on the discovery of a novel VRP which binds to, and stimulates the 
phosphorylation of, the FIt4 receptor. 

Three approaches were undertaken to identify protein that would bind and stimulate the phosphorylation 
of the FIt4 receptor. First, the full-length receptor was stably expressed in 293 cells to establish a receptor 
tyrosine kinase phosphorylation assay of Flt4 activation. TTiis assay was used to screen about 400 cell 
15 supcmatants and tissue extracts, without positive results. 

Second, the extracellular domam of the receptor was expressed as a fusion protein with an 
immunoglobulin Fc domam. By using this fusion protcm (FIt4/IgG) to screen cell lines for membrane-bound 
ligands by FACS analysis, one positive cell line was identified. The human glioma line, G6 1, gave about a 10- 
fold shift in peak fluorescence intensity that was specific for Flt4/IgG (Fig. 2). Attempts to expression clone this 
putative membrane-bound ligand by the transfection of pools of cDNA clones into COS cells followed by 
screening with labeled Flt4AgG gave no positives from 640 pools of 1000-5000 clones each. FIt4/IgG was also 
used to generate polyclonal antisera and monoclonal antibodies that had agonistic activity and that were used 
to develop the FIt4 tyrosine phosphorylation assay as described in Example 5 below. 

Third, candidate ligand proteins were tested for their ability to bind to FIt4/IgG or to activate the FIt4 
phosphorylation assay. Labeled VEGF failed to bind to FIt4/IgG, although the expected binding of VEGF to 
FItl/IgG or Flkl/lgG was routinely detected. The failure of VEGF to bind or stimulate the phosphorylation of 
Flt4 has been reponed by Pajusola et aL QngQgyn?. 1. supra. An additional candidate ligand protein was found 
by use of cloning techniques, details of which are provided in Example 3 below. The human VRP cDNA 
sequence is depicted in Figure I A- ID. The predicted molecular weight of the protein is 44.8 kDa. 
A description follows as to how the biologically active human VRP may be prepared. 
I- Preoarannn of ypp 

Most of the discussion below pertains to production of VRP by cultunng cells transformed with a vector 
contaming VRP nucleic acid and recovering the polypeptide from the cell culture. U is further envisioned that 
the VRP of this invention may be produced by homologous recombination, as provided for in WO 91/06667. 
3 5 published 1 6 May 1991. 

Briefly, this method involves tnmsformmg pnmary human cells contaming a human VRP-encoding gene 
with a construa (i.e.. vecior) compnsmg an ampiiflable gene [such as dLhydrofolate reductase (DHFR) or others 
discussed below] and at least one flanking region of a length of at least about 150 bp that is homologous with 
a DNA sequence at the locus of the coding region of the VRP gene to provide amplification of the VRP gene. 



20 



25 



30 



-9- 



wo 97/09427 



PCT/US96/14075 



10 



IS 



The amplifiabie gene must be at a site that does not interfere with expression of the VRP gene. The 
transformation is conducted such that the construct becomes homologous iy integrated into the genome of the 
primary cells to defme an ampiifiable region. 

Primary cells compnsmg the construct are then selected for by means of the ampiifiable gene or other 
marker present in the construct. The presence of the marker gene establishes the presence and integration of the 
construct into the host genome. No further selection of the pnmary cells need be made, since selection will be 
made in the second host. If desired, the occurrence of the homologous recombmation event can be detcnnmed 
by employing PGR and cither sequencing the resulting amplified DNA sequences or determining the appropriate 
length of the PGR fragment when DNA from corrca homologous integrals is present and expanding only those 
cells containing such fragments. Also if desired, the selected cells may be amplified at this point by stressing 
the cells with the appropnate amplifying agent (such as methotrexate if the ampiifiable gene is DHFR), so that 
multiple copies of the target gene arc obtained. Preferably, however, the amplification step is not conducted until 
after the second transformation described below. 

After the selection step, DNA portions of the genome, sufficiently large to include the entire ampiifiable 
region, are isolated from the selected pnmary cells. Secondary mammalian expression host cells are then 
transformed with these genomic DNA portions and cloned, and clones are selected that contain the ampiifiable 
region. The ampiifiable region is then amplified by means of an amplifying agent if not already amplified in the 
primary cells. Finally, the secondary expression host cells now compnsing multiple copies of the ampiifiable 
region containing VRP are grown so as to express the gene and produce the protein. 
2 0 A. Isolation of DNA Fncndjpg yp p 

The DNA encoding VRP may be obtained from any cDNA library prepared from tissue believed to 
possess the VRP mRNA and to express it at a detectable level. Accordingly, human VRP DNA can be 
conveniently obtained from a cDNA library prepared from human brain tissue, e.g., a glial cell line. The VRP- 
encoding gene may also be obtained from a genomic library or by oligonucleotide synthesis. 

2 5 Libraries are screened with probes (such as antibodies to the VRP or oligonucleotides of about 20-80 

bases) designed to identify the gene of interest or the protein encoded by it. Screening the cDNA or genomic 
library with the selected probe may be conducted using standard procedures as described in chapters 10-12 of 
Sambrook et ai^ Mgiggular Cloning: A Laboratory Mnn.mi (New York: Cold Spruig Harbor Laboratory Press, 
1989). An alternative means to isolate the gene encodmg VRP is to use PGR methodology as described in 

3 0 section 14 of Sambrook ei al., supra. 

A preferred method of practicing this invention is to use careftjlly selected oligonucleotide sequences 
to screen cDNA libraries from vanous human tissues, preferably bram cell lines. The oligonucleotide sequences 
selected as probes should be of sufficient length and sufficiently unambiguous that false positives are minimized. 

The oligonucleotide must be labeled such that it can be detected upon hybridization to DNA in the 
3 5 library bemg screened. The preferred method of labeling is to use ^^P-labeled ATP with polynucleotide kmase, 
as IS well known m the an, to radiotabei the oligonucleotide. However, other methods may be used to label the 
oligonucleotide, including, but not limited to. biotinylation or enzyme labeling. 

In some preferred embodiments, the nucleic acid sequence includes the native VRP signal sequence. 
Nucleic acid having all the protem coding sequence is obtained oy screening selected cDNA or genomic libranes 
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usmg the deduced ammo ac.d sequence disclosed here.n for the fct t>n,e. and. if necessary, using conven.tonal 
pnmer extension procedures as described m section 7.79 of Sambrook et ai, supra, to detect precursor, and 
processing mtermediates of n,RNA that may not have been reverse-transcribed mto cDNA. 

Amino acd sequence vanants of VRP are prepared by introducmg appropriate nucleotide changes mto 
the VRP DNA. or by synthesis of the desired VRP polypept.de. Such vanants represent insertions, substitutions 
and/or deletions of. residues within or at one or both of the ends of the ammo acid sequence shown for the VRP 
m Figure 1. Preferably, these variants represent insertions and/or substimtions within or at one or both ends of 
the manire sequence, and/or insenions. substitutions and/or deletions within or at one or both of the ends of the 
signal sequence for VRP shown in Fig. 1. Any combination of insenion, substitution, and/or deletion is made 
to arrive at the final constnict, provided that the fmal construct possesses the desired biological activity as 
defined herein. The amino acid changes also may alter post-translational processes of the VRP. such as changing 
the number or position of glycosylation sites, altering the membrane anchoring characteristics, and/or altering 
the intracellular location of the VRP by insening. deleting, or otherwise affecting the leader sequence of the 
VRP. 

Variations in the native sequence as described above can be made using any of the techniques and 
guidelines for conservative and nonnronsei^ative mutations set forth in U.S. Pat No. 5.364,934. These include 
oligonucleotide-mediated (site-directed) mutagenesis, alanine scanning, and PGR mutagenesis. See also, for 
example. Table I therein and the discussion surrounding this table for guidance on selecting amino acids to 
change, add, or delete. 

I nscnion of Nucleic Arid i n to Renlir:,hl,- V^yi pr 
TTie nucleic acid (e.g., cDNA or genomic DNA) encoding native or variant VRP is insened into a 
repiicable vector for further cloning (amplification of the DNA) or for expression. Many vectors are available. 
The vector components generally include, but are not limited to. one or more of the following: a signal sequence, 
an origin of replication, one or more maricer genes, an enhancer element, a promoter, and a transcnption 
2 5 termination sequence. 

(i) Signal Senuence rnrnppnfnl 
The VRPs of this invention may be produced recombinantly not only directly, but also as a fusion 
polypeptide with a heterologous polypeptide, which is preferably a signal sequence or other polypeptide having 
a specific cleavage site at the N-termmus of the mature protem or polypeptide. In general, the signal sequence 
may be a component of the vector, or it may be a part of the VRP DNA that is insened into the vector. TTie 
heterologous signal sequence selected preferably is one that is recognized and processed cleaved by a signal 
peptidase) by the host cell. For prokaryofc host cells that do not recognize and process the native VRP signal 
sequence, the signal sequence is substituted by a prokaryotic signal sequence selected, for example, from the 
group of the alkalme phosphatase, penicillinase. 1pp. or heat-stable enterotoxin H leaders. For yeast secretion 
the native signal sequence may be substituted by, e.g., the yeast invertase leader, alpha factor leader (including " 
Saccharamyces ai^d Kluweromyces a-factor leaders, the laner described in U.S. Pat. No. 5.010.182 issued 23 
Apnl 1991), or acid phosphatase leader, the C. glucoamylase leader (EP 362. 1 79 published 4 April 

1990), or the signal described in WO 90/13646 published 15 November 1990. In mammalian cell expression 
the native signal sequence (eg,, the VRP presequence that normally directs secretion of VRP from human cells 
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.n .r.o) is satisfacrory. although other mammalian s.gnal sequences may be suitable, such as s.gnal sequences 
from other anunai VRPs. and signal sequences froo, secreted polypeptides of the saxne or related species, as well 
as viral secretory leaders, for example, the herpes simplex gD signal. 

TTie DNA for such precursor region is ligated in reading frame to DNA encoding the manire VRP. 

(") Origin of Prpliraiion rnnir"nr"' 

Both expression and clonmg vectors contain a nucie.c acid sequence that enables the vector to replicate 
m one or more seieaed host cells. Generally, in cloning vectors this sequence is one that enables the vector to 
rephcate mdependently of the host chromosomal DNA. and includes origins of replication or autonomously 
rrphcattng sequences. Such sequences are well known for a variety of bactena, yeast, and viruses. TT^e origin 
of replication from the piasmid pBR322 is suitable for most Gnun-negat.ve bac«ri^ the 2^ plasmid origin is 
suitable for yeast, and various v.ral ongms (SV40, polyoma, adenovirus. VSV or BPV) are usefiil for cloning 
vectors m mammalian cells. Generally, the origin of replication component is not needed for mammalian 
expression vectors (the SV40 origin may typically be used only because it contains the early promoter) 

Most expression vectors are "shunle" vectors, they are capable of replication in at least one class 
of organisms but can be transfected into another organism for expression. For example, a vector is cloned in £ 
col, and then the same vector is transfected into yeast or mammalian cells for expression even though it is not 
capable of replicating independently of the host cell chromosome. 

DNA may also be amplified by insen.on mto the host genome. TTiis is readily accomplished using 
BacUlus species as hosts, for example, by including in the vector a DNA sequence that is complementary to a 
sequence found in Bacillus genomic DNA. Transfection of Bac.IJus with this vector results in homologous 
recombination with the genome and insemon of VRP DNA. However, the recovery of genomic DNA encoding 
VRP IS more complex than that of an exogenously replicated vector because restriction enzyme dieestion is 
requu-ed to excise the VRP DNA. 

("0 Selection G gne romp^^n Tnr 
Expression and cloning veaors should contam a selection gene, also termed a selectable marker. This 
gene encodes a protein necessary for the survival or growth of transformed host cells grown in a selective culture 
medium. Host ceils not transformed with the vector contammg the selection gene will not survive in the culture 
medium. Typical selection genes encode proteins that (a) confer resistance to antibiotics or other toxms, e.g. . 
amp.cillin. neomycin, methotrexate, or tetracycime, (b) complement auxotrophic deficiencies, or (c) supply 
cntical nutnents not available from complex media, e.g., the gene encoding D-alanme racemase for Baciin. 

One example of a selection scheme utilizes a dnig to arrest growth of a host cell. Those cells that are 
successfully transformed with a heterologous gene produce a protein confemng drug resistance and thus survive 
the selection regmien. Examples of such dominant selection use the dnigs neomycin (Southern e, ./ . J.Molec 
^'-^^^ '"y^^Phcnolic acd fMulligan e, ai. Science . 2122:1422 [1980]) or hvgromvcm 

Sugden a! , Mg|, C;ll Piol . 14 1 0-4 , 3 ( 1 985). "H^e three examples given above emplov baaenai .enes under 
eukaryot.c control ,o convey resistance to the appropriate dnig G418 or neomycin ,genet,c,n), xgpt 
(mycophenolic acid), or hygromycin. respectively. 

Another example of suitable selectable markers for mammai.an cells are those that enable the 
.dentit-.cation of cells competent to lake up the VRP nucleic acd. such as DHFR or thymidine kinase. TTie 
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mammalian cell transfonnants are placed under selection pressure that only the transformants are uniqueiv 
adapted to sun„ve by vtrtue of havmg taken up the marker. Selection pressure is imposed by cultunng the 
transformants under conditions >n wh.ch the concentration of selection agem in the medium is successively 
changed, thereby leading to amplification of both the selection gene and the DNA that encodes VRP 
Amplification is the process by which genes in greater demand for the production of a protem critical for gn,wth 
are reiterated in tandem within the chromosomes of successive generations of recombinant cells. Increased 
quantities of VRP are synthesized from the amplified DNA. Other examples of amplifiable genes include 
metallothionein-I and -II. preferably primate metallothionein genes, adenosine deaminase, onjithine 
decarboxyiasc, ere. 

For example, cells transformed with the DHFR scleaion gene are fust identified by cultunng all of the 
transformants in a culture medium that contains methotrexate (Mtx), a competitive antagonist of DHFR. An 
appropriate host ceil when wild-type DHFR is employed is the Chinese hamster ovary (CHO) cell line deficicm 
in DHFR activity, prepared and propagated as described by Urlaub and Chasin. Proc. Natl Ar.ri 9.; ^ .^^ 
22:4216 (1980). The transformed cells arc then exposed to mcreased levels of methotrexate. This leads to the 
synthesis of multiple copies of the DHFR gene. and. concomitantly, multiple copies of other DNA comprising 
the expression vectors, such as the DNA encoding VRP. This amplification technique can be used with «,y 
other^vise suitable host, e.g., ATCC No. CCL61 CHO-Kl. notwithstanding the presence of endogenous DHFR 
if. for example, a mutant DHFR gene that is highly resistant to Mtx is employed (EP 1 17.060). 

Alternatively, host cells [particularly wild-type hosts that contain endogenous DHFR) transformed or 
co-nansformed with DNA sequences encoding VRP. wild-type DHFR protein, and another selectable maricer 
such as aminoglycoside 3'-phosphotransferase (APH) can be selected by cell growth in medium containing a 
seleaion agent for the selectable maricer such as an aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or 
G4I8. See U.S. Patent No. 4.965,199. 

A suitable selection gene for use in yeast is the trpl gene present in the yeast plasmid VRp7. 
Stinchcomb«a/..M2Ul££.2S2:39 (1979): Kingsman e, aI..Qsu^ 2:14\ (1979); Tschemper Csnt I^: 157 
(1980). The trpl gene provides a selection marker for a mutant strain of yeast lacking the ability to grow in 
tryptophan, for example. ATCC No. 44076 or PEP4- 1. Jones, ikiKlks. M: 12 (1977). TTie pr«ence of the rr^l 
lesion in the yeast host cell genome then provides an effective environment for detecting transformation by 
growth in the absence of tryptophan. Sunilarly, Z.<.:z2-dericient yeast strains (ATCC 20,622 or 38.626) are 
complemented by known plasmids bearing the Uu2 gene. 

In addition, vectors denved from the 1.6 nm circular plasmid pKDl can be used for transformation of 
Kluyveromyces yeasts. Blanch, e, al., QsmAisusL. 12:185 (1987). More recently, an expression system for 
large-scale production of recombinant calf chymosin was reported for K. lactis. Van den Berg, BioArechnoln,>v 
S: 135 (1990). Stable mult,-copy expression vectors for secretion of mamre recombmant human sertim albumin 
by industnal strams of Kluweromyces have also been disclosed. Fleer e, al.. Bion-echnolnPv 2:968-975 ( 1 99 1 ). " 
(iv) Promoter r omnnnent 
Expression and clonmg vectors usually contain a promoter that is recognized by the host organism and 
IS operabiy linked to the VRP nucleic acid. Promoters are untranslated sequences located upstream (5 ) to the 
start codon of a struct^iral gene (generally w.thin about 100 ,o 1000 bp) that control the transcription and 
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translation of panicular nucleic ac.d sequence, such as the VRP nucle.c acd sequence, to which they are 
opembiy linked. Such promoter, typically fall into two classes, mducible and constitutive. Inducible promoters 
arc promoter, that initiate mcreased levels of transcription from DNA under the.r control m response to some 
change culture conditions, e.g.. the presence or absence of a nutnent or a change m temperature. At this time 
5 a large number of promoters recognized by a vanety of potential host cells are well known. TTiese promoters 
arc operably linked to VRP-encoding DNA by removing the promoter from the source DNA by restriction 
enzyme digestion and insening the isolated promoter sequence into the vector. Both the native VRP promoter 
sequence and many heterologous promoters may be used to direct amplification and/or expression of the VRP 
DNA. However, heterologous promoter, are preferred, as they generally permit greater transcription and higher 
1 0 yields of VRP as compared to the native VRP promoter. 

Promoters suitable for use w.th prokaryotic hosts include the P-lactamase and lactose promoter systems 
(Chang « a/., MaHItC 222:615 [1978]; Goeddel e: ai, HaQ^ 2^:544 [1979]), alkaline phosphatase, a 
tryptophan (trp) promoter system (Goeddel, Nticlgjg Atid^ Pr^ fi:4057 [1980]; EP 36.776), and hybrid 
promoters such as the tac promoter. deBoer e, al.. Prpy, Njitl ^r^<\ Srj ns^. S2:2 1 -25 ( 1 983). However, other 
15 known bacterial promoters are suiuble. "nieir nucleotide sequences have been published, thereby enabling a 
skilled worker operably to ligate them to DNA encoding VRP (Siebenlist et al, ^ 2fl:269 [1980]) using 
linkers or adaptors to supply any required restriction sites. Promoters for use in bactenal systems also will 
contain a Shine-Dalgamo (S.D.) sequence operably linked to the DNA encoding VRP. 

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT-rich region 

2 0 located approximately 25 to 30 bases upstream from the site where transcnption is initiated. Another sequence 

found 70 to 80 bases upstream from the stan of transcription of many genes is a CXCAAT region where X may 
be any nucleotide. At the 3' end of most eukaryotic genes is an AATAAA sequence that may be the signal for 
Edition of the poly A tail to the 3' end of the coding sequence. All of these sequences are suitably inserted into 
eukaryotic expression vectors. 

25 Examples of suitable promoting sequences for use with yeast hosu include the promoters for 3- 

phosphoglycerate kinase (Hitzeman et al., } . Bid. CtlCT ■ 22i:2073 [ 1 980]) or other glycolytic enzymes (Hess 
« ^/.. J. Atlv, FnrfTpr pr.> 7:149 [1968]; Holland, Biochemi.rr^ i7:4900 [1978]), such as cnolase, 
glyceraldehydeO-phosphate dehydrogenase, hexokinase. pymvate decarboxylase, phosphofhictokinase. glucose- 
6-phosphate isomerase, 3-phosphoglycerate mutase. pynrvaie kinase, tnosephosphate .somerase. phosphoglucosc 

3 0 isomerase, and glucokinase. 

Other yeast promoters, which are mducible promoters having the additional advantage of transcription 
controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2. isocytochrome C, acid 
phosphatase, degradative enzymes associated with nitrogen metabolism, metallothionem, glyceraldehyde-3-phos- 
phate dehydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable vectors and 
3 5 promoters for use in yeast expression are further described m EP 73.657. Yeast enhancers also are ' 
advantageously used with yeast promoters. 

VRP transcription from vectors m mammalian host cells is controlled, for example, by promoters 
obtamed from the genomes of v.nises such as polyoma v,r..s. fowlpox v.rus (UK 2.2 11, 504 published 5 Julv 
1989). adenovirus (such as Adenovirus 2). bovme papilloma v.r^s. avian sarcoma virus, cviomeeaiovirus. a 
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retrovims, hepatitis-B virus and most preferably Simian Virus 40 (SV40). from heterologous mammalian 
promoters, e.g., the actin promoter or an immunoglobulin promoter, from heat-shock promoters, and from the 
promoter normally associated with the VRP sequence, provided such promoten are compatible with the host cell 
systems. 

The early and late promoters of the SV40 vims are conveniently obtained as an SV40 restriction 
fragmcm that also contams the SV40 viral origin of replication. Fiers « aL Nature. 222: 1 13 { 1 97S): Mulligan 
and Berg. Sdsast 222:1422-1427 (1980); Pavlakis e: al., Proc. N.rl Ar.d <^r: tl^A 2£:7398-7402 (1981). 
The immediate early promoter of the human cytomegalovirus is conveniently obtained as a ffiadlll E restriction 
fragment. Greenaway etol.,Qsa&. 15:355-360 (1982). A system for expressmg DNA in mammalian hosts using 
the bovine papilloma virus as a vector is disclosed in U.S. Patem No. 4,419,446. A modification of this system 
is described in U.S. Patent No. 4.601,978. See also Gray e. al.. Nature. 221:503-508 (1982) on expressing 
cDNA encoding immune interferon in monkey cells: Reyes et al., Namrr. 222:598-601 (1982) on expression of 
human P-intetfcron cDNA in mouse cells under the control of a thymidine kinase promoter from herpes simplex 
virus; Canaani and Berg. frW. NptI, A<^?ir1 "S^ 79:5166-5170 (1982) on expression of the human interfertjn 
P 1 gene in cultured mouse and rabbit cells; and Gorman et al., Proc. Natl. Acnd Sri IT^A 22:6777-678 1 ( 1982) 
on expression of bacterial CAT sequences in CV-1 monkey kidney cells, chicken embryo fibroblasts, Chinese 
hamster ovary cells, HeLa cells, and mouse NIH-3T3 cells using the Rous sarcoma virus long terminal repeat 
as a promoter. 

(v) Enhancer F.lement rnirirnn^rt 

Transcription of a DNA encoding the VRP of this invention by higher eukaryotes is often increased by 
inserting an enhancer sequence into the vector. Enhancers arc cis-acting elements of DNA, usually about from 
10 to 300 bp, that act on a promoter to increase its transcription. Enhancers are relatively orientation and 
position independent, having been found 5" (Laimins et al., Proc N.tl Ar.H ^ri 119^ 2£:993 [198 I ]) and 3' 
(Lusky et al., Mo l. Cell PiP 2:1 108 [1983]) to the transcription unit, within an intron (Bancqi et al., Cdl, 
22:729 [1983]), as well as widiin the coding sequence itself Osborne et al.. Mol. Cell Bio.. 4:1293 (1984). 
Many enhancer sequences are now known from mammalian genes (globin. elastase, albumin, a -fetoprotein, and 
insulin). Typically, however, one will use an enhancer from a eukaryotic cell virus. Examples include the SV40 
enhancer on the late side of the replication origin (bp 100-270), the cytomegalovirus early promoter enhancer, 
the polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. See also Yaniv. 
Hanire. 222: 1 7- 1 8 ( 1 982) on enhancing elements for activation of eukaryotic promoters. The enhancer may be 
spliced into the vector at a position 5' or 3' to the VRP-encoding sequence, but is preferably located at a site 5' 
from the promoter. 

(vi) TranSCril?tion Terminati on Cnmnnnyn t 

Expression vectors used in eukaryotic host cells (yeast, ftingi, insect, plant, anunal. human, or nucleated 
cells from other multicellular organisms) will also contain sequences necessary for the termmation of " 
transcnption and for stabilizing the mRNA. Such sequences are commonly available from the 5' and. 
occasionally 3', untranslated regions of eukaryotic or viral DNAs or cDNAs^ These regions contain nucleotide 
segments transcnbed as poiyadenylated fragments m the untranslated ponion of the mRNA encoding VRP. 
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(v") CQnsrruction and Ann)v<;i s of Vectors 
Construction of suitable vectors containing one or more of the above-listed components employs 
standard ligation techniques. Isolated plasmids or DNA fragments are cleaved, tailored, and re-ligated in the 
form desired to generate the piasmids required. 
5 For analysis to confirm correct sequences in piasmids constructed, the ligation mixmres are used to 

transform £. coli K12 strain 294 (ATCC 31,446) and successful transformants selected by ampiciliin or 
tetracycline resistance where appropnate. Piasmids from the transformants arc prrparcd, analyzed by restriction 
cndonuciease digestion, and/or sequenced by the method of Messing et aL, Nucleic Acids Rgs . 2:309 (1981) 
or by the method of Maxam et ai, Method.s in F.nzvmolo^y , ^:499 (1980). 
^ ° (viii) Transient F xpressinn ^rrrn^ 

Particularly uscftil in the practice of this invention arc expression vectors that provide for the transient 
expression in mammalian ceiU of DNA encoding VRP, In general, transient expression involves the use of an 
expression vector that is able to replicate efficiently in a host cell, such that the host ceil accumulates many 
copies of the expression vector and. in turn, synthesizes high levels of a desired polypeptide encoded by the 
15 expression vector. Sambrook et ai^ supra, pp. 16.17 - 16.22. Transiem expression systems, compnsmg a 
suitable expression vector and a host cell, allow for the conveniem positive idemification of polypeptides 
encoded by cloned DNAs, as well as for the rapid screenmg of such polypeptides for desired biological or 
physiological properties. Thus, transient expression systems are particularly useful in the invention for purposes 
of identifying analogs and variants of VRP that are biologically active VRP. 
2^ (ix^ Suitable Fxt-mplnry V eTtehmff- r^\] Vr ^tf^H 

Other methods, vectors, and host cells suitable for adaptation to the synthesis of VRP in recombinant 
vertebrate ceil culture are described in Gething et ai. Nature, 221:620-625 (198 1 ); Mantei et ai^ Nature. 2M:40- 
46 (1979); EP U 7,060; and EP 1 17.058. A particularly useful plasmid for mammalian cell culture expression 
of VRP is pRK5(EP 307,247) or pSVI6B. WO 91/08291 published 13 June 1991. 
25 C. Selection and Transformr ition of Host r^||«^ 

Suitable host cells for cloning or expressing the DNA in the vectors herein are the prokaryote, yeast, 
or higher euicaryote cells described above. Suitable prokaryotes for this purpose include eubacteria, such as 
Gram-negative or Gram-positive organisms, for example, Enterobacteriaceae such as Escherichia, e.g., E. coli. 
Enterobacter, Erwinia. Klebsiella, Proteus, Salmonella, e.g.. Salmonella typhimunum. Serraiia, e.g., Serratia 
3 0 marcescans. and Shigella, as well as Bacilli such as B, sub til is and B licheniformis (e.g. , B. licheniformis 4 I P 
disclosed in DD 266,7 10 published 12 April \9Z9\ Pseudomonas such ^ P. aeruginosa, Streptomyces. One 
preferred £. coli cloning host is E. coli 294 (ATCC 3 1,446), although other strams such as £. coli B, E call 
XXlie (ATCC 3 1.537), and E. coli W3 1 10 (ATCC 27,325) are suitable. These examples are illustrative rather 
than limiting. So^in V/3 110 is a paniculariy preferred host or parent host because it is a common host stram for 
3 5 recombinant DNA product fermentations. Preferably, the host eel! should secrete mmimai amounts of proteolytic 
enzymes. For example, strain W31 10 may be modified to effect a genetic mutation in the genes encoding 
protcms, with examples of such hosts including £. coli W3110 stram 27C7. The complete genotype of 27C7 
is tonAA ptrS phoAAEI5 AfargF-lac) 169 ompTd degP4lkarf. Strain 27C7 was deposited on 30 October 1991 
m the Amencan Type Culture Collection as ATCC No. 55.244. Alternatively, the stram of £. coli having mutant 
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periplasmic protease disclosed in U.S. Patent No. 4,946.783 issued 7 August 1990 may be employed, 
Altenaativeiy still, methods of cionmg, e.g., PGR or other nucleic acid polymerase reactions, are suitable. 

In addition to prokaryotes, eukaiyotic microbes such as filamentous ftmgi or yeast are suitable cloning 
or expression hosts for VRP-encoding vectors. Saccharomycez cerevisiae. or common bakei^s yeast, is the most 
commonly used among lower eukaiyotic host microorganisms. However, a number of other genera, species, and 
strains are commonly available and useftil herein, such as Schizosaccharomyces pombe (Beach and Nurse, 
Nanus. 222:140 [198 1]; EP 139,383 published 2 May 1985); Kluyveromyces hosts (U.S. Patent No. 4,943,529;^ 
Fleer et aL supra) such as, e.g.. K, lactis [MW98.8C, CBS683, CBS4574; Louvcncourt et aL, J. Bacteriol _ 737 
(1983)], K.fragilis (ATCC 12,424). K. bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178), AT. waitii 
(ATCC 56,500), K. drosophilarum (ATCC 36,906; Van den Berg et aL^ supra\ K . thermoiolerans. and K 
marxianus: yarrowta [EP 402^26]; Pichia pastoris (EP 1 83,070; Sreeknshna et ai., J. Basic Micrnhinl 2S:265- 
278 [1988]); Candida: Trichoderma reesia (EP 244,234); Neurospora crassa (Case et al,, Proc. Natl. ArnH ^^ j 
USA. 26:5259-5263 [1979]); Schwanmomyces such as Schwanmomyces occidentalis (EP 394,538 published 
31 October 1990); and filamentous fungi such as, e.g., Neurospora, Penicillium. Tolypocladium (WO 91/00357 
published lOJanuary 1991), znd Aspergillus hosts such as m^i^o^ (Hal lance a/.. B loch em. Bionhv. R.. 
CfimmiUl, 112:284-289 [1983]; Tilbum er aL, Qss^ 2^:205-221 [1983]; Yclton et al.. Proc. Natl. Ar..H 
USA. 51:1470-1474 [1984]) and niger Kelly and Hynes. EMBO J.. 4:475-479 HQSS^ 

Suitable host cells for the expression of glycosylated VRP are derived from multicellular organisms. 
Such host cells are capable of complex processing and glycosyiation activities. In principle, any higher 
eukaryotic cell culuire is workable, whether from vertebrate or invenebratc culture. Examples of invertebrate 
cells include plant and insect cells. Numerous bacuioviral strains and variants and corresponding permissive 
insect host cells from hosts such as Spodoptera frugiperda (caterpillar), Aedes aegypti (mosquito), Aedes 
albopictus (mosquito), Drosophila melanogaster (fhiitfly), and Bombyx mori have been identified. Sec, e.g., 
Luckow et al,^ BiQrTgghn^im , ^:47-55 (1988); Miller et aL, in Genetic EnHne^rin^ Setlow et al. cds.. Vol. 
8 (Plenum Publishing, 1986), pp. 277-279: and Maeda et al.^ Nature . 111:592-594 ( 1985). A variety of viral 
strains for transfection are publicly available, e.g.. the L-I variant oi Autographa califormca NPV and the Bm-5 
strain of Bombyx mon NPV, and such viruses may be used as the virus herem according to the present invention, 
panicularly for transfection of Spodoptera frugiperda cells. 

Plant cell cultures of conon, com, potato, soybean, petunia, tomato, and tobacco can be utilized as hosts. 
Typicaily, plant cells are transfected by incubation with certain strams of the bacterium Agrobactenum 
tumefaciens, which has been previously manipulated to contam the VRP-encoding DNA. During mcubation of 
the plant cell culture with A. tumefaciens, the DNA encoding the VRP is transferred to the plant cell host such 
that it is transfected, and will, under appropriate conditions, express the VRP-encoding DNA. In addition, 
regulatory and signal sequences compatible with plant cells are available, such as the nopaime synthase promoter 
and polyadenylation signal sequences. Depicker g/ a/.. J. Mol. Ann! Gen (1982). in addition, DNA 

segments isolated from the upsn-eam region of the T-DNA 780 gene are capable of acnvatmg or increasing 
transcription levels of plant-expressible genes m recombinant DNA-containing plant tissue. EP 321.196 
published 21 June 1989. 
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However, interest has been greatest ,n venebrate cells, and propagation of venebrate cells in culture 
(tissue culture) has become a routme procedure. See, e.g.. Tissue Ci, In .rr Academic Press. Kiusc and .Pattereon. 
editors (1973). Examples of useful mammalian host cell lines are monkey kidney CVl line transformed by SV40 
(COS-7, ATCC CRL 165 1); human embryonic kidney line (293 or 293 cells subcloned for growth in suspension 
culture, Graham « aL, } , Q^n VimI , ifi:59 [1977]); baby hamster kidney cells (BHK. ATCC CCL 10); Chinese 
hamster ovary ceils/-DHFR (CHO. Urlaub and Chasm, Proc. Natl. Ac.rt Sri rrSA 22:4216 [1980]); mouse 
senoli cells (TM4, Mather, Biol, Rgprnd 22:243-251 [1980]); monkey kidney cells (CVl ATCC CCL 70); 
African green monkey kidney ceils (VERO-76. ATCC CRL- 1587); human cervical carcinoma cells (HELA. 
ATCC CCL 2); canine kidney cells (MDCK. ATCC CCL 34); buffalo tat liver cells (BRL 3A, ATCC CRL 
1442); human lung cells (W138, ATCC CCL 75); human liver ceils (Hep G2, HB 8065); mouse mammary tumor 
(MMT 060562, ATCC CCL5 1); TRI cells (Mather er Annals N Y Ar.H 252:44-68 [1982]); MRC 5 
cells; FS4 cells; and a human hepatoma line (Hep G2). 

Host cells are transfected and preferably transformed with the above-described expression or cloning 
vectors for VRP production and cultured in conventional nutrient media modified as appropriate for inducing 
promoters, selecting transformants. or amplifying the genes encoding the desired sequences. 

Transfection refers to the taking up of an expression vector by a host cell whether or not any coding 
sequences are in fact expressed. Numerous methods of transfection are known to the ordinarily skilled anisan, 
for example. CaP04 and eleoroporation. Successf\il transfection is generally recognized when any indication 
of the operation of this vector occurs within the host cell. 

Transformation means introducing DNA into an organism so that the DNA is replicable. either as an 
extrachromosomal element or by chromosomal integrant. Depending on the host cell used, transformation is 
done using standard techniques appropriate to such cells. The calcium treatment employing calcium chloride, 
as described in section 1 .82 of Sambrook e, al., supra, or electroporation is generally used for prokaryotes or 
other cells that contain substantial cell-wall barriers. Infection with Agrobacierium tumefaciens is used for 
transformation of certain plant cells, as described by Shaw et aL, Gene. 22:3 15 (1983) and WO 89/05859 
published 29 June 1989. In addition, plants may be transfected using ultrasound treatment as described in WO 
91/00358 published 10 January 1991. 

For mammalian cells without such cell walls, the calcium phosphate precipitation method of Graham 
and van der Efa. Viro l ogY . ^:456-457 (1978) is preferred. General aspects of mammalian cell host system 
transformations have been described in U.S. Pat. No. 4.399.216 issued 16 August 1983. Transformations into 
yeast are typically carried out according to the method of Van Solingen et ai. J. Bact.. iii2:946 ( 1 977) and Hsiao 
e/^., Prgg . Nall , Arnd :=;<-i 0''==^) 26:3829 (1979). However, other methods for introducing DNA into cells, 
such as by nuclear microinjection, electroporation. bacterial protoplast fUsion with intact cells, or polycations. 
e g., polybrene, polyomithine, etc., may also be used. For vanous techniques for transforming mammalian cells, 
see Keown etat., Msthg'Js in F nAm9lO?v , 151:527-537 ( 1 990) and Mansour et al. . Nature . 12^:348-352 (1988). 
D. Cultunnp t he Host Ce.\U 

Prokaiyotic cells used to produce the VRP polypeptide of this invemion are cultured in suitable media 
as described generally in Sambrook etal.. supra. 
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The mammalian host cells used to produce the VRP of this invention may be cultured in a vanery of 
media. Commercially available media such as Ham's FIO (Sigma). Minimal Essential Medium ([MEM], Sigma), 
RPMI-1640 (Sigma), and Dulbecco's ModiHed Eagle's Medium ([DMEM]. Sigma) are suimbie for cuitunng the 
host ceils. In addition, any of the media descnbed in Ham and Wallace, Meth. Enz.. ^8:44 (1979), Barnes and 
Sato, Anal , Biff?h?m 107 :255 (1980), U.S. Pat. Nos. 4.767,704; 4.657,866; 4,927,762; 4,560,655; or 5.122,469; 
V/O 90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be used as culture media for the host ceils. Any 
of these media may be supplemented as necessary with hormones and/or other growth factors (such as insulin, 
transferrin, or epidermal growth factor), salts (such as sodium chloride, calcium, magnesium, and phosphate), 
buffers (such as HEPES), nucleosides (such as adenosine and thymidine), antibiotics (such as Gentamycin™ 
drug), trace elements (defined as inorganic compounds usually present at fmal concentrations in the micromoiar 
range), and glucose or an equivalent energy source. Any other necessary supplements may also be included at 
appropriate concentrations that would be known to those skilled in the an. The culture conditions, such as 
temperature, pH, and the like, arc those previously used with the host cell selected for expression, and will be 
apparent to the ordinarily skilled anisan. 

In general, principles, protocols, and practical techniques for maximizing the productivity of 
mammalian cell cultures can be found in Mammajinn THl Biotechnnln^- ^ Praaicnl Annro.rh M. Butler, cd. 
(IRL Press, 1991), 

The host ceils referred to in this disclosure encompass cells in culture as well as ceils that arc within 
a host animal. 

^' Detecting Gene Amntincatinn/TYprp<:^jnn 

Gene amplification and/or expression may be measured in a sample directly, for example, by 
convcmional Southern blotting. Northern blotting to quantitate the transcription of mRNA (Thomas, Proc. Natl. 

^^^^ 22:5201-5205 [1980]), dot blottmg (DNA analysis), or m suu hybridization, using an 
appropriately labeled probe, based on the sequences provided herein. Various labels may be employed, most 
commonly radioisotopes, particularly ^^P. However, other techniques may also be employed, such as using 
biotm-modified nucleotides for introduction into a polynucleotide. The biotm then sen/es as the site for binding 
to avidin or antibodies, which may be labeled with a wide variety of labels, such as radionuclides, fluorescers, 
enzymes, or the like. Altemauvely, antibodies may be employed that can recognize specific duplexes, including 
DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protem duplexes. Tlie antibodies m 
turn may be labeled and the assay may be earned out where the duplex is bound to a surface, so that upon the 
formation of duplex on the surface, the presence of antibody bound to the duplex can be detected. 

Gene expression, altemativeiy, may be measured by immunoiogicai methods, such as 
immunohistochemical stainmg of tissue sections and assay of cell culmre or body fluids, to quantitate directly 
the expression of gene product. With immunohistochemical staming techniques, a cell sample is prepared, 
typically by dehydration and fixation, followed by reaction with labeled antibodies specirlc for the gene product 
coupled, where the labels are usually visually detectable, such as enzymatic labels. Huorescent labels, 
luminescent labels, and the like. A panicularly sensitive staining technique suitable for use in the present 
invention is described by Hsu etal., Arr.. J. C!rr Pht^ 71 734-738 (1980). 
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Antibodies useftii for immunohisiochemical staining and/or assay of sample fluids may be either 
monoclonal or polyclonal, and may be prepared m any mammal. Conveniently, the antibodies may be prepared 
agamst a native VRP polypeptide or agamst a synthetic peptide based on the DNA sequences provided hcrem 
as described further in Section 4 below. 

5 F. Purification of VRP PnlvnPpnr^^ 

VRP preferably is recovered from the culture medium as a secreted polypeptide, although it also may 
be recovered from host ceil lysates when directly produced without a secretory signal. If the VRP is membrane- 
bound, it can be released from the membrane using a suitable detergent solution (e.g. Triton-X 100) 

When VRP is produced in a recombinant cell other than one of human origin, the VRP is completely 
10 frre of proteins or polypeptides of human origin. However, it is necessary to purify VRP from recombinant cell 
proteins or polypeptides to obtain preparations that are substantially homogeneous as to VRP. As a first step, 
the culture medium or lysatc is cenirifuged to remove particulate ceil debris. VRP thereafter is punfied from 
contammant soluble proteins and polypeptides, with the following procedures being exemplary of suitable 
purification procedures: by fr^aionation on an ion-exchange column: ethanol precipitation; reverse phase HPLC; 
chromatography on silica or on a cation-exchange rcsm such as DEAE; chromatofocusing; SDS-PAGE; 
ammonium sulfate precipitation; gel filtration using, for example, Scphadex 0-75; and protein A Scpharosc 
columns to remove contaminants such as IgG. 

In the preferred embodiment, the FU4 receptor-IgG fusion is immobilized on an affinity chromatography 
column and the VRP can be isolated by affinity purification using this column. Alternatively, the VRP is joined 
at its N-tenmrnus to a glycoprotein D sequence and is passed through an affmity chromatography column on 
which is immobilized an anti-gD monoclonal antibody such as 5B6, which is specific for a glycoprotein D 
sequence. 

VRP variants in which residues have been deleted, insened, or substituted are recovered in the same 
fashion as native VRP, taking account of any substantial changes in properties occasioned by the variation. For 
example, preparation of a VRP fusion with another protem or polypeptide, e.g., a bactcnal or viral antigen, 
facilitates purification; an immunoaffinity column containing antibody to the antigen can be used to adsorb th. 
fusion polypeptide. Immunoaffmity columns such as a rabbit polyclonal anti-VRP column can be employed to 
absorb the VRP variant by binding it to at least one remaining immune epitope. 

A protease inhibitor such as phenyl methyl sulfonyi fluoride (PMSF) also may be useful to inhibit 
proteolytic degradation during purification, and antibiotics may be included to prevent the growth of advcmitious 
contammants. One skilled in the an will appreciate that purification methods suitable for native VRP may 
require modification to account for changes in the character of VRP or its variants upon expression in 
recombinant cell culture. 

Covalent Modificatinns of VRP Pnivr^entidf ^ 
Covalent modifications of VRP polypeptides are mcluded within the scope of this mvention. Both 
native VRP and ammo acid sequence variants of the VRP may be covaiently modified. One type of covalent 
modification of the VRP is mtroduced into the molecule by reacting targeted ammo acid residues of the VRP 
with an organic denvatizmg agent that is capable of reacting with selected side chams or the N- or C-termmai 
residues of the VRP. 
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Cysteinyi residues most commonly arc reacted with a-haioacetates (and corresponding amines), such 
as chloroacetic acid or chloroacctamide. to give cartxjxymethyi or carboxyamidomethyi derivatives. Cysteinyi 
residues also arc derivatized by reaction with bromotrifluoroacetone, a-bromo-p-(5-imidozoyl)propionic acid, 
chioroacetyi phosphate, N- alky Imalcim ides, 3-nitro-2-pyridyi disulfide, methyl 2-pyridyI disulfide, p- 
5 chloromercuribenzoatc, 2-chioromercun-4-nitrophenol, or chloro-7-nitrobenzo-2-oxa-K3-diazolc, 

Histidyi residues are derivatized by reaction with diethylpyrocarbonate at pH 5.5-7.0 because this agent 
is relatively specific for the histidyi side chain. Para-bromophenacyl bromide also is useful; the reaction is 
preferably performed in 0.1 M sodium cacodylate at pH 6.0. 

Lysinyl and amino terminal residues are reacted with succinic or other cartraxylic acid anhydrides. 
10 Derivatization with these agents has the effect of reversing the charge of the lysinyl residues. Other suitable 
reagents for derivatizing a-amino-concaining residues include imidoesters such as methyl picolinimidate, 
pyridoxal phosphate, pyridoxal, chioroborohydride, trinitrobenzenesulfonic acid, O-methylisourea, 2,4- 
pentanedione, and transaminase-catalyzed reaction with glyoxyiatc. 

Arginyl residues are modified by reaction with one or several conventional reagents, among them 
15 phenylglyoxal, 2,3-butanedione, 1^-cyclohexanedione, and ninhydrin. Derivatization of arginine residues 
requires that the reaction be performed under alkaline conditions because of the high pK^ of the guanidine 
ftinctional group. Furthermore, these reagents may react with the groups of lysine as well as with the arginine 
epsiion-amino group. 

The specific modification of tyrosyl residues may be made, with particular interest in introducing 
2 0 spectral labels into tyrosyl residues by reaction with aromatic diazonium compounds or tetranitromethane. Most 
commonly, N-acetylimidizoie and tetranitromethane are used to form O-acetyl tyrosyl species and 3-nitro 
derivatives, respectively. Tyrosyl residues are iodinated using ^^^I or M to prepare labeled proteins for use 
in radioimmunoassay, the chloramine T method being suitable. 

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with carbodiimides (R- 

2 5 N=C=N-R'), where R and R' are different alkyl groups, such as l-cyclohexyl-3-{2-morpholinyl-4-ethyl) 

carbodiimide or l-ethyl-3-<4-azonia-4,4-dimethyipenryl) carbodiimide. Furthermore, aspartyl and glutamyl 
residues arc convened to asparaginyl and glutaminyi residues by reaction with ammonium ions. 

Derivatization with bifunctional agents is useful for crosslinking VR? to a water-insoluble support 
matrix or surface for use in the method for purifying anti-VRP antibodies, and vice-versa. Commonly used 
30 crosslinking agents include, e.g., 1, 1 -bis(diazoacetyl)-2-phenylethane, glutaraldehyde, N-hydroxysuccinimide 
esters, for example, esters with 4-a2:idosalicylic acid, homobiftinctionai imidoesters, including disuccinimidyl 
esters such as 3,3'-dithiobis(succmimidylpropionate), and bifunctional malcimides such as bis-N-maleimido-1,8- 
octane. Derivatizing agents such as methyl-3-[(p-azidophenyl)diihio]propioimidaie yield photoactivatable 
mtermediatcs that arc capable of forming crosslinks in the presence of light. Alternatively, reactive water- 

3 5 insoluble matnces such as cyanogen bromide-activated carbohydrates and the reactive substrates described Ln 

U.S. Patent Nos. 3,969,2S7; 3,691,016; 4,195,128, 4,247,642; 4,229,537; and 4,330,440 arc employed for 
protein immobilization. 
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Glutaminyl and asparagmy! residues are frequentiy deamidated to the corresponding glutamyl and 
asparryi residues, respectively. These residues are deamidated under neutral or basic conditions. The 
deamidated form of these residues falls within the scope of this invention. 

Other modifications include hydroxyiation of proline and lysine, phosphorylation of hydroxyl groups 
5 of seryi or threonyl residues, methyiation of the a-amino groups of lysine, arginine, and histidine side chains 
(T.E. Crcighton, PrPTCins: Structure and Molecular Prnprrrj^pff, W.H. Freeman & Co., San Francisco, pp. 79-86 
[1983]), acetylation of the N-terminai amine, and amidation of any C-terminal carboxyl group. 

Another type of covaient modification of the VRP polypeptide included within the scope of this 
invention comprises altering the native glycosylation pattern of the polypeptide. By altering is meant deleting 
10 one or more carixjhydrate moieties found in native VRP, and/or adding one or more glycosylation sites that are 
not present in the native VRP. 

Glycosylation of polypeptides is typically either N-linked or O-linked. N-linked refers to the attachment 
of the cartx)hydrate moiety to the side chain of an asparagine residue. The tripeptide sequences asparagine-X- 
serine and asparagine-X-thrconme, where X is any ammo acid except proline, are the recognition sequences for 
15 enzymatic attachment of the cariwhydrate moiety to the asparagine side chain. Thus, the presence of either of 
these tnpeptidc sequences in a polypeptide creates a potential glycosylation site. O-Iinkcd glycosylation refers 
to the attachment of one of the sugars N-aceylgalactosamine, galactose, or xylose to a hydroxylamino acid, most 
commonly serine or threonine, although 5-hydroxyproline or 5-hydroxyiysine may also be used. 

Addition of glycosylation sites to the VRP polypeptide is conveniently accomplished by aitenng the 
2 0 amino acid sequence such that it contains one or more of the above-described tripeptide sequences (for N-linkcd 
glycosylation sites). The alteration may also be made by the addition of, or substitution by, one or more serine 
or threonine residues to the native VRP sequence (for O-Iinked glycosylation sites). For ease, the VRP amino 
acid sequence is preferably altered through changes at the DNA level, paniculariy by mutating the DNA 
encoding the VRP polypeptide at preselected bases such that codons are generated that will translate into the 

2 5 desired amino acids. The DNA mutation(s) may be made using methods described above and in U.S. Pat. No. 

5,364,934, supra. 

Another means of increasing the number of carbohydrate moieties on the VRP polypeptide is by 
chemical or enzymatic coupling of glycosides to the polypeptide. These procedures are advantageous in that they 
do not require production of the polypeptide in a host cell that has glycosylation capabilities for N- or O-linkcd 

3 0 glycosylation. Depending on the coupling mode used, the sugar^s) may be attached to (a) argininc and histidine, 

(b) free carboxyl groups, (c) free sulfhydryl groups such as those of cystcmc, (d) free hydroxy! groups such as 
those of serine, threonine, or hydroxyproline, (c) aromatic residues such as those of phenylalanine, tyrosine, or 
tryptophan, or (0 the amide group of giutaminc. These methods arc described in WO 87/05330 published 1 1 
September 1987, and in Aplin and Wriston, CRC Crit. Rev. Biochem.. pp. 259-306 (1981). 
3 5 Removal of carbohydrate moieties present on the VRP polypeptide may be accomplished chemically 

or cnzymaticaily. Chemical deglycosyiation requires exposure of the polypeptide to the compound 
trifluoromethanesuifonic acid, or an equivalent compound. This treatment results in the cleavage of most or all 
sugars except the linkmg sugar fN-acery f glucosamine or N-aceryigaIac:osamme), while leaving the polypeptide 
mtac1_ Chemical deglycosyiation is described by Hakimuddm, et a/.. Arch. Biochem. Biophvs.. 259:52 (1987) 
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and by Edge et aL, Anal. Bioghgm., UJ:I31 (1981). Enzymatic cleavage of carbohydrate moieties 
polypeptides can be achieved by the use of a variety of cndo- and exo-g!ycosidases as descnbcd by Thotakura 
et ai, Meth. Enzvmol.. 115:350 (1987). 

Glycosylation at potential glycosyiation sites may be prevented by the use of the compound tunicamycm 
5 as descnbed by Duskm etai, J, Bigl. Ch?m.. 212:3 105 (1982). Tunicamycin blocks the formation of proicin-N- 
glycoside linkages. 

Another type of covalcnt modification of VRP comprises linking the VRP polypeptide to one of a 
variety of nonproteinaccous polymers, e.g,, polyethylene glycol, polypropylene glycol, or polyoxyalkyienes, in 
the manner set forth in U.S. Patent Nos. 4,640,835; 4,496.689; 4,301,144; 4,670,417; 4,791,192 or 4,179,337. 

^° difficult to predict in advance the charaaeristics of a variant VRP, it will be appreciated 

that some screening of the recovered variant will be needed to select the optimal variant. A change in the 
immunological character of the VRP molecule, such as affinity for a given antibody, is also able to be measured 
by a competitive-type immunoassay. The vanant is assayed for changes in the suppression or enhancement of 
its mitogenic activity by comparison to the activity observed for native VRP in the same assay. For example, 

15 one can screen for the ability of the variant VRP to stunulatc protein kinase activity of the Flt4 receptor as 
described in Example 5 herein. Other potential modifications of protein or polypeptide properties such as redox 
or thermal stability, hydrophobicity, susceptibility to proteolytic degradation, or the tendency to aggregate with 
carriers or into multimers are assayed by methods well known in the art. 
H. Eoitone-tar^ ged VRP 

^ ° invention encompasses chuneric polypeptides comprising VRP fused to another polypeptide. In 

one preferred embodiment, the chimeric polypeptide comprises a fusion of the VRP with a tag polypeptide which 
provides an epitope to which an anti-tag antibody can seicaiveiy bind. The epitope tag is generally placed at the 
amino- or carboxyl- termmus of the VRP. Such epitope-tagged forms of the VRP are desirable, as the presence 
thereof can be detected using a labeled antibody against the tag polypeptide. Also, provision of the epitope tag 

25 enables the VRP to be readily purified by afTmity purification using the anti-tag antibody. Affinity purification 
techniques and diagnostic assays involving antibodies are described later herein. 

Tag polypeptides and their respective antibodies are well known in the art. Examples include the flu 
HA tag polypeptide and its antibody 12CA5 (Field etai, Mol. Ceil. Riol., ^:2I59-21 65 [1988]); the c-myc tag 
and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto (Evan et ai^ Molecular and Cellular Biolo^v. 

30 1:3610-3616 [1985]); and the Herpes Simplex virus glycoprotein D (gD) tag and its antibody. Paborsky et ai, 
PnJtgin Enging?nng . l(6):547-553 (1990). other tag polypeptides have been disclosed. Examples include the 
Flag-peptide (Hopp et ai, gi9Tg?hn^?IPgy ^:1204-12IO [1988]); the KT3 epitope peptide (Manin et c/., 
Scicng?. Z^: 1 92- 1 94 [ 1 992]); an a -tubu tin epitope peptide (Skinner et ai , J. Biol. Chem.. 2M: 15163-15166 
[1991]);andtheT7gene 10 protem peptide tag. Lutz-Frevermuth et ai. Proc. Natl. Acad. Sci. USA. 87:6393- 

3 5 6397 (1990). Once the tag polypeptide has been selected, an antibody thereto can be generated using the 
techniques disclosed herein. 

The general methods suitable for the constniction and production of epitope-tagged VRP are the same 
as those disclosed hereinabove with regard to (native or vanant) VRP VRP-tag polypeptide fusions arc most 
conveniently constructed by fusmg the cDNA sequence encoding the VRP portion in-frame to the tag 
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polypeptide DNA sequence and expressing the resultant DNA fusion constnici in appropriate host celU. 
Ordinarily, when preparing the VRP-tag polypeptide chimeras of the present invention, nucleic acid encoding 
the VRP will be fused at its 3' end to nucleic acid encoding the N-iermmus of the tag polypeptide, however 5' 
fusions are also possible. 

5 Epitope-taggcd VRP can be conveniently purified by affinity chromatography using the anti-tag 

antibody. The matrix to which the affmity antibody is attached is most often agarose, but other matrices arc 
available (e.g. controlled pore glass or poiy(styTencdivinyl)bcnzcnc). The cpitopc-tagged VRP can be elutcd 
from the affmity column by varying the buffer pH or ionic strength or adding chaotropic agents, for example. 

2- Thcrai?eutic Uses. Comno;;itinn^. a^d Admini^Tr a tion of VRP 

^° believed to fmd therapeutic use for treating mammals via stimulation or inhibition of growth 

and/or differentiation ana/or activation of cells having the FU4 receptor or one or more other VRP receptors. 
Exogenous VRP may be administered to a patient in these circumstances. The human VRP is clearly useful 
insofar as it can be administered to a human having depressed levels of endogenous VRP, preferably in the 
situation where such depressed levels lead to a pathological disorder, or where there is lack of activation or 
15 inhibition of the Flt4 receptor or one or more other VRP receptors. 

Various potential therapeutic uses of VRP include those in which VEGF is useful. Examples of these 
include uses associated with the vascular endothelium, such as the treatment of traumata to the vascular network, 
in view of the demonstrated rapid promotion by VEGF of the proliferation of vascular endothelial cells that 
would surround the traumata and in view of the relationship between VEGF and the VRP established herein. 

2 0 Examples of such traumata that could be so treated include, but arc not limited to, surgical incisions, particularly 

those involving the heart, wounds, including lacerations, incisions, and penetrations of blood vessels, and surface 
ulcers involving the vascular endothelium such as diabetic, haemophiliac, and varicose ulcers. Other 
physiological conditions that could be improved based on the selective mitogenic character of the VRP are also 
included herein. 

2^ For the traumatic indications referred to above, the VRP molecule will be formulated and dosed in a 

fashion consistent with good medical practice taking into account the specific disorder to be treated, the condition 
of the individual patient, the site of delivery of the VRP, the method of administration, and other factors known 
to practitioners. 

Additional indications for the VRP arc m the treatment of full-thickness wounds such as dermal ulcere, 

3 0 including the categones of pressure sores, venous ulcers, and diabetic ulcers, as well as of fiill-thickness bums 

and injuries where angiogcncsis is required to prepare the bum or injured site for a skin graft or flap. In this case 
the VRP is either applied directly to the site or it is used to soak the skin or Hap that is bcmg transplanted prior 
to grafting. In a similar fashion, the VRP can be used in plastic surgery when reconstruction is required 
following a bum or other trauma, or for cosmetic purposes. 
^ 5 Angiogcncsis is also important in keeping wounds clean and non-infec:ed. The VRP can therefore be 

used in association with general surgery and followmg the repair of cuts and lacerations. It is particularly useful 
in the uxatmcnt of abdominal wounds with a high nsk of infection. Neovascularization is also key to fracture 
repair, since blood vessels develop at the sue of bone mjun/. Admmisrration of the VRP to the site of a fracture 
Is therefore anoLher utility. 
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In cases where the VRP is being used for topicai wound healing, as described above, it may be 
administered by any of the routes described below for the re-endothelialization of vascular tissue, or more 
preferably by topicai means. In these cases, it will be administered as either a solution, spray, gel, cream, 
ointment, or dry powder directly to the site of injury. Slow-release devices directing the VRP to the injured site 
5 win also be used. In topical applications, the VRP will be applied at a concentration ranging from about 50 to 
1,000 ng/mL, either in a single application, or in dosing regimens that are daily or every few days for a period 
of one week to several weeks. Generally, the amount of topical formulation administered is that which is 
sufficient to apply from about 0.1 to 100 jig/cm^ of the VRP. based on the surface area of the wound. 

The VRP can be used as a post-operative wound healing agent in balloon angioplasty, a procedure in 

1 0 which vascular endothelial ceils are removed or damaged, together with compression of atherosclerotic plaques. 
The VRP can be applied to inner vascular surfaces by systemic or local. intravenous application either as 
intravenous bolus injection or infusions. If desired, the VRP can be administered over time using a 
micrometering pump. Suitable compositions for intravenous administration comprise the VRP in an amount 
effective to promote endothelial cell growth and a parenteral earner material. The VRP can be present in the 

15 composition over a wide range of concentrations, for example, from about 50 ^g/mL to about 1,000 \ig/mL using 
injeaions of 3 to 10 mL per patient, administered once or in dosing regimens that allow for multiple applications. 
Any of the known parenteral carrier vehicles can be used, such as normal saline or 5-10% dextrose. 

The VRP can also be used to promote cndothelialization in vascular graft surgery. In the case of 
vascular grafts usmg cither transplanted vessels or synthetic material, for example, the VRP can be applied to 

2 0 the surfaces of the graft and/or at the junctions of the graft and the existing vasculature to promote the growth 
of vascular endothelial cells. For such applications, the VRP can be applied intravenously as described above 
for balloon angiopiasry or it can be applied directly to the surfaces of the graft and/or the existing vasculature 
either before or during surgery. In such cases it may be desired to apply the VRP in a thickened earner material 
so that it wiil adhere to the affected surface. Suitable earner materials include, for example, 1-5% carixjpoL The 

2 5 VRP can be present in the carrier over a wide range of concentrations, for example, from about 50 ^g/mg to 

about 1,000 ^ig/mg. Alternatively, the VRP can be delivered to the site by a micrometering pump as a parenteral 
solution. 

The VRP can also be employed to repair vascular damage following myocardial infarction and to 
circumvent the need for coronary bypass surgery by stimulating the growth of a collateral circulation. The VRP 

3 0 IS administered intravenously for this purpose, either in Individual injections or by micrometering pump over a 

period of time as described above or by direct mfusion or mjection to the site of damaged cardial muscle. 

Therapeutic formulations of VRP are prepared for storage by mixing VRP having the desired degree 
of purity with optional physiologically acceptable earners, cxcipients, or stabilizers (Remington's Pharmaceutical 
SgjgnggS, 16th edition, Osol, A., Ed„ [1 980]), in the form of iyophilized cake or aqueous solutions. Acceptable 
3 5 carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and concentrations employed, and 
include buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low 
molecular weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or 
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; ammo acids such as glycine, glutamine. 
asparagine, argminc, or lysine; monosaccharides, disacchandes. and other carbohydrates including glucose. 
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mannose, or dextrms; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol: salt-forming 
counter-ions such as sodium: and/or non-ionic surfactants such as Tween, Pluronics or poiycthyiene glycol 
(PEG). 

The VRP also may be entrapped in microcapsules prepared, for example, by coaccrvation techniques 
5 or by interfaciai polymerization (for example, hydroxymcthylcellulose or gclatin-microcapsuies and poly- 
[mcthylmcthacylate] microcapsules, respectively), in colloidal drug delivery systems (for example, liposomes, 
albumin microspheres, microemulsions, nano- panicles, and nanocapsuies), or in macrocmuisions. Such 
techniques arc disclosed in Reminyron's Pharmnrm tical Scienrff^ supra. 

VRP to be used for in vivo administration must be sterile. This is readily accomplished by filtration 
1 0 through sterile filtration membranes, prior to or following lyophiiization and reconstittition. VRP ordinarily will 
be stored in lyophilized form or in solution. 

Therapeutic VRP compositions generally are placed into a container having a sterile access port, for 
example, an intravenous solution bag or vial having a stopper picrceable by a hypodermic injeaion needle. 

The route of VRP administration is in accord with known methods, e.g., those routes set forth above 
15 for specific indications, as well as the general routes of injection or infiision by intravenous, intraperitoneal, 
intracerebral, intramuscular, intraocular, intraarterial, or intralesional means, or sustained release systems as 
noted below. VRP is administered continuously by infusion or by bolus injeaion. Generally, where the disorder 
permits, one should formulate and dose the VRP for site-specific delivery. This is convenient in the case of 
wounds and ulcers. 

Suitable examples of sustained-release preparations include semipermeable matrices of solid 
hydrophobic polymers containing the proicm, which matrices are in the form of shaped articles, e.g., films, or 
microcapsules. Examples of sustained-release matrices include polyesters, hydrogels [e.g., poly(2-hydroxycthyl- 
methacrylate) as described by Langcr et al., J. Biomed. Mater. Re^.. 1^:1 67-277 (1981) and Langer, Chcm. 
Tggh . , 12:98-105 (1982) or poly(vinylalcohol)], polylactides (U.S. Patent No. 3,773,919, EP 58,481), 

25 copolymers of L-glutamic acid and gamma ethyl- L-glutamaie (Sidman et a/., Biopolvmer^. 22:547-556 [1983]), 
non-degradable ethylenc-vinyl acetate (Langer et aL. supra), degradable lactic acid-glycolic acid copolymers 
such as the Lupron Depot™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and 
leuprolide acetate), and poly-D-(-)-3 -hydroxy butyric acid (EP 133,988). 

While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules 

3 0 for over 100 days, certain hydrogels release proteins for shoner time periods. When encapsulated proteins 
remain in the body for a long time, they may denature or aggregate as a result of exposure to moisture at 3 7" C, 
resulting in a loss of biological activity and possible changes in immunogenicity. Rational strategics can be 
devised for protein stabilization depending on the mechanism involved. For example, if the aggregation 
mechanism is discovered to be intermolecular S-S bond formation through thio-disulfide interchange, 

3 5 stabilization may be achieved by modifying sulfhydryl residues, iyophilizing from acidic solutions, controlling 
moisture content, usmg appropnate additives, and developmg specific polymer matrix compositions. 

Sustamed-reiease VRP compositions also include liposomaiiy entrapped VRP. Liposomes containing 
VRP are prepared by methods known per se: DE 3,2 1 8. 1 2 1 ; Epstcm et ai. , Proc. Nat!. Acad. Sci. USA. ^;3688- 
3692 (1985); Hwang et at.. Proc. Natl. Acad. Sr; WS^ 22 4030-4034 (1980); EP 52.322: EP 36.676; EP 
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88,046; EP 143,949; EP 142,641; Japanese patent application 83-118008; U.S. Patent Nos. 4,485.045 and 
4,544,545; and EP 102 J24. Ordinarily the liposomes are of the small (about 200-800 Angstroms^ unilamcUar 
type in which the lipid content is greater than about 30 mol. % cholesterol, the selected propoaion being adjusted 
for the optimal VRP therapy. 

5 When applied topically, the VRP is suitably combined with other mgrcdients, such as earners and/or 

adjuvants. There are no limitations on the nature of such other mgrcdients, except that they must be 
pharmaceutically acceptable and efficacious for their intended administration, and cannot degrade the activity 
of the active ingredients of the composidon. Examples of suitable vehicles include oinmients, creams, gels, or 
suspensions, with or without purified collagen. The compositions also may be impregnated into transdermal 
10 patches, plasters, and bandages, preferably in liquid or semi-liquid form. 

For obtaining a gel formulation, the VRP formulated in a liquid composition may be mixed with an 
effective amount of a water-soluble polysaccharide or synthetic polymer such as PEG to form a gel of the proper 
viscosity to be applied topically. The polysaccharide that may be used includes, for example, cellulose 
derivatives such as etherifled cellulose derivatives, including alkyl celluloses, hydroxyalkyl celluloses, and 
15 alkylhydroxyalkyi celluloses, for example, methylcellulose, hydroxyethyl cellulose, carboxymethyl cellulose, 
hydroxypropyl methylcellulose, and hydroxypropyl cellulose; starch and fractionated starch; agar; aiginic acid 
and alginates; gum arabic; puUullan; agarose; canagcenan; dextrans; dextrins; fructans; inulin; mannans; xylans; 
arabmans; chitosans; glycogens; glucans; and synthetic biopolymers; as well as gums such as xanthan gum; guar 
gum; locust bean gum; gum arabic; tragacanth gum; and karaya gum; and derivatives and mixtures thereof. The 
preferred gelling agent herein is one that is inert to biological systems, nontoxic, simple to prepare, and not too 
runny or viscous, and will not destabilize the VRP held within it. 

Preferably the polysaccharide is an etherified cellulose derivative, more preferably one that is well 
defined, purified, and listed in USP, e.g., methylcellulose and the hydroxyalkyl cellulose derivatives, such as 
hydroxypropyl cellulose, hydroxyethyl cellulose, and hydroxypropyl methylcellulose. Most preferred hcrem is 
2 5 methylcellulose. 

The polyethylene glycol useful for gelling is typically a mixairc of low and high molecular weight PEGs 
to obtain the proper viscosity. For example, a mixture of a PEG of molecular weight 400-600 with one of 
molecular weight 1 500 would be effective for this purpose when mixed in the proper ratio to obtain a paste. 

The term "water soluble" as applied to the polysaccharides and PEGs is meant to include colloidal 
solutions and dispersions. In general, the solubility of the cellulose denvatives is detcrmmed by the degree of 
substitution of ether groups, and the stabilizing derivatives useful herein should have a sufficient quantity of such 
ether groups per anhydro glucose unit in the cellulose chain to render the derivatives water soluble. A degree of 
ether substimtion of at least 0.35 ether groups per anhydrogiucose unit is generally sufficient. Additionally, the 
cellulose derivatives may be m the form of alkali metal salts, for example, the Li, Na, K, or Cs salts. 

If methylcciluiose is employed m the gel, preferably it comprises about 2-5%, more preferably about 
3%, of the gel and the VRP is present in an amount of about 300-1000 mg per ml of gel. 

An effective amount of VRP to be employed therapeutically will depend, for example, upon the 
therapeutic objectives, the route of admmistration, and the condition of the patient. Accordingly, it will be 
ncccssar:/ for the therapist to titer the dosage and modify the route of admmisoation as required to obtam the 
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optimal therapeutic effect. Typically, the clinician will administer the VRP until a dosage is reached that 
achieves the desired effect. A typical daily dosage for systemic trcatmcni might range frxim about I ^g/kg to up 
to 10 mg/kg or more, depending on the factors mentioned above. As an alternative general proposition, the VRP 
is formulated and delivered to the target site or tissue at a dosage capable of establishing in the tissue a VRP level 
greater than about 0.1 ng/cc up to a maximum dose that is efficacious but not unduly toxic. This intra-tissue 
concentration should be maintained if possible by contmuous infusion, sustained release, topical application, or 
injection at empuically determined frequencies. The progress of this therapy is easily monitored by conventional 
assays. 

It is within the scope hereof to combine the VRP therapy with other novel or conventional therapies 
(e.g., growth factors such as VEGF, acidic or basic fibroblast growth factor (aFGF or bPGF, respcaively). 
platelet-derived growth factor (PDGF), insulin-like growth factor (IGF-1 or IGF-II), nerve growth factor (NGF), 
anabolic steroids, EGF or TGF-a) for enhancing the activity of any of the growth factors, including the VRP, 
in promotmg cell proliferation and repair. It is not necessary that such co-treatment drugs be included per se in 
the compositions of this invention, although this will be convenient where such drugs are proteinaceous. Such 
15 admixmrcs are suitably administered in the same manner and for the same purposes as the VRP used alone. The 
useful molar ratio of VRP to such secondary growth factors is typically 1 :0. 1-1 0, with about equimoiar amounts 
being preferred. 

^- Non-Thernneutic. Diag postic tJ<;rs for vpp 

The nucleic acid encoding the VRP may be used as a diagnostic for tissue-specific typing. For example. 

2 0 such procedures as m siiu hybridization. Northern and Southern blotting, and PGR analysis may be used to 

determine whether DNA and/or RNA encoding VRP is present in the ceil type(s) being evaluated. VRP nucleic 
acid or polypeptide may also be used as diagnostic markers. For example, the VRP may be labeled, using the 
techniques described herein, and expression of nucleic acid molecules encoding a Flt4 receptor or another VRP 
receptor can be quantified, using the labelled VRP. 

^^^^ human VRP-encoding nucleic acid is localized to a human chromosome, the nucleic acid for 
human VRP can be used as a marker for this human chromosome. 

VRP nucleic acid is also useful for the preparation of VRP polypeptide by recombinant techniques 
exemplified herein. 

Isolated VRP polypeptide may be used m quantitative diagnostic assays as a standard or control against 

3 0 which samples containing unknown quantities of VRP may be prepared. 

VRP preparations are also useftjl in generating antibodies, as standards in assays for VRP (e.^., by 
labeling VRP for use as a standard in a radioimmunoassay, radioreceptor assay, or enzyme-linked immunoassay), 
for detecting the presence of the FU4 receptor or one or more other VRP receptors in a biological sample (e.g., 
usmg a labeled VRP), m affmity purification techniques, and in competitive-type receptor binding assays when 
3 5 labeled with radioiodine, enzymes, Huorophores. spin labels, or the like. 

The VRP is also useful as a diagnostic tool. For example, the VRP can be produced in prokarvotic ceils 
usmg the techniques elaborated herein and the unglycosylated protem so produced can be used as a moiecuiar 
weight marker. The deduced moiecuiar weight (mw) of the VRP is about 44.8 kDa. To use the VRP as a 
moiecuiar weight marker, gei nitration chromatography or SDS-PAGE, for example, wiii be used to separate 



-28 - 



wo 97/09427 



PCT/US96/14075 



protcin(s) for which it is desired to determine their molecular weight(s) in substantially the normal way. The VRP 
and other moiecuiar weight markers will be used as standards to provide a range of molecular weights. For 
example, phosphoryiase b (mw - 97,400). bovine serum albumin (mw = 68,000), ovalbumm (mw = 46,000), 
VRP (mw = 44,800), trypsin inhibitor (mw = 20,100), and iysozyme (mw = 14,400) can be used a mw markers. 
5 The other moiecuiar weight markers mentioned here can be purchased commercially from Amcrsham 
Corporation, Arlington Heights, IL, for example. Often, the moiecuiar weight markers will be labeled to enable 
easy detection following separation. Techniques for labeling antibodies and proteins arc discussed herein and 
are well known in the art. For example, the molecular weight markers may be biotinylatcd and, following 
separation on SDS-PAGE, for example, the blot can be incubated with strcptavidln-horscradish peroxidase. The 

10 bands can then be detected by light detection. 

It may also be useful to grow certain ceils having the Flt4 receptor or one or more other VRP receptors 
ex VIVO using the VRP as an angiogenic factor or growth factor Thus, for example, the VRP can be used as a 
growth factor in the in vitro culmring of endothelial ceils. For such uses, the VRP can be added to the cell 
culture medium at a concentration from about 10 pg-^mL to about 10 ng/mL, 

^5 These cells which are to be grown ex vtvo may simultaneously be exposed to other known growth 

factors or cytokines. Exemplary cytokines include the interleukins {e.g., IL-3), granulocyte-macrophage colony- 
stimulating factor (GM-CSF), VEGF, macrophage colony-stimulating factor (M-CSF), granulocyte colony- 
stimulating factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF). erythropoietin (Epo), 
lymphotoxin, steel factor (SLF), mmor necrosis factor {TU?\ and gamma- interferon. This results in proliferation 

2 0 and/or differentiation of the cells having the F!t4 receptor or one or more other VRP receptors. 

In yet another aspect of the invention, the VRP may be used for affmity purification of the FU4 receptor 
or one or more other VRP receptors. Briefly, this technique involves covaiently attaching the VRP to an inert 
and porous matrix {e.g., agarose reacted with cyanogen bromide). A solution containing the FU4 receptor or 
other VRP reccptorts) can then be passed through the chromatographic material and can be subsequently released 

2 5 by changing the elution conditions {e.g. by changing pH or ionic strength). 

The purified VRP. and the nucleic acid encoding it, may also be sold as reagents for mechanism studies 
of VRP and its cognate receptors, to study the role of the VRP and the Flt4 receptor or other VRP receptors in 
normal growth and development, as well as abnormal growth and development, e.g. in malignancies. 

The VRP may be used for competitive screening of potential agonists or antagonists for binding to the 

3 0 F!t4 receptor or other VRP receptors. VRP variants are useful as standards or controls in assays for the VRP, 

provided that they are recognized by the analytical system employed, e.g. an anti-VRP antibody. 
4. VRP Antibody Prenaratinn 

A description follows as to the production of exemplary antibodies as defmed herein. These exemplary 
antibodies include polyclonal, monoclonal, humanized, bispecific. or heteroconjugate antibodies. 
3 5 A. Polvcional Antibodies 

Polyclonal antibodies to the VRP generally are raised in animals by multiple subcutaneous (sc) or 
intiapentoneal (ip) injections of the VRP and an adjuvant. It may be useful to conjugate the VRP to a protein 
that is immunogenic in the species to be immunized, e.g.^ keyhole limpet hemocyanin, serum albumin, bovine 
thyrogiobuiin. or soybean trypsin inhibitor using a bifunctional or denvanzing agent, for example 
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malcimidobenzoyl suifosuccinimide ester (conjugation through cysteine residues). N-hydroxysuccinimide 
(through lysine residues), glytaraldehydc, succinic anhydride. SOCl-,, or R»N-C-NR, where R and R ^ are 
different alkyl groups. 

Animals are immunized against the unmonogcnic conjugates or derivatives by combining 1 mg of I ^g 
of conjugate (for rabbits or mice, respectively) with 3 volumes of Freud's complete adjuvant and injectmg the 
solution intradermally at multiple sites. One month later the animals are boosted with 1/5 to 1/10 the original 
amount of conjugate in Freud's complete adjuvant by subcutaneous injection at multiple sites. Seven to 14 days 
later the animals are bled and the senrni is assayed for ami-VRP antibody titer. Animals boosted until the 
titer plateaus. Preferably, the animal is boosted with a conjugate of the same VRP with a different protein and/or 
the conjugation is through a different cross-linking reagent. Conjugates also can be made in recombinant cell 
culture as protein f\isions. Also, aggregating agents such as alum are used to enhance the immune response. 

B. Monoclonal Anti>yff^^jy«j 

Monoclonal antibodies are obtained from a population of substantially homogeneous antibodies, ,.e., 
the individual antibodies comprising the population are identical except for possible namrally-occurring 
mutations that may be present in minor amounts. Thus, the modifier "monoclonal" indicates the character of the 
antibody as not being a mbcmre of discrete antibodies. 

For example, the anti-VRP monoclonal antibodies of the invention may be made using the hybridoma 
method first described by Kohler and Milstein. NaOirg, 2^:495 (1975), or may be made by recombinant DNA 
methods. U.S. Pat. No. 4,816,567. 

In the hybridoma method, a mouse or other appropriate host animal, such as hamster, is immunized as 
hereinabove described to elicit lymphocytes that produce, or are capable of producing, antibodies that will 
specifically bind to the protein used for immunization. Altemativeiy, lymphocytes may be immunized in viiro. 
Lymphocytes then are fused with myeloma cells using a suitable fusing agent, such as PEG. to form a hybridoma 
cell. Goding. Monoclonal Anrihodi,-«;: Prinripl.. ^ . pl Pn T- Ti f" rr ^" l'^^ (Academic Press. 1986). 

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium that preferably 
contains one or more substances that inhibit the growth or survival of the unfused. parental myeloma cells. For 
example, if the parental myeloma cells lack the enzyme hypoxanthinc guanine phosphoribosyl transferase 
(HGPRT or HPRT). the culture medium for the hybridomas typically will include hypoxanthinc, aminopterin, 
and thymidine (HAT medium), which substances prevem the growth of HGPRT-deficiem cells. 

Preferred myeloma ceils are those that fuse efficiently, support stable high-level expression of antibody 
by the selected antibody-producing cells, and arc sensitive to a medium such as HAT medium. Among these, 
preferred myeloma cell lines are murine myeloma lines, such as those derived from MOPC-21 and MPC-1 1 
mouse tumors available from the Salk Inst.mtc Cell Distribution Center, San Diego. California USA, and SP-2 
cells available from the American Type Culmre Collection. Rockville. Maryland USA. Human myeloma and 
mouse-human heteromyeloma ceil lines also have been described for the production of human monoclonal 
antibodies. Kozbor. J, Immvn^l ,, 111:300 1 ( 1 984); Brodeur e, al. , Monoclonal Antihodv Prodnrt.nn T .rhn.^,,.. 
Pnd Applitati^n - i PP.51-63 (Marcel Dekker. Inc.. New York. 1987). Sec. also. Bocmcre/a/, J. Immunol. . 
147:86-95 (1991) and W091/I7769, published 28 November 1991. for techniques for the production ofhuman 
monoclonal antibodies. 
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Culture medium in which hybndoma cells are growing is assayed for production of monoclonal 
antibodies directed against VRP. Preferably, the binding specificity of monoclonal antibodies produced by 
hybndoma cells is determmed by immunoprccipitation or by an m vtn-o binding assay, such as radioimmunoassay 
(RIA) or enzyme- 1 inked immunoabsorbcnt assay (ELISA). 

The binding affinity of the monoclonal antibody can. for example, be determined by the Scatchard 
analysis of Munson and Pollard, Anal. Biochfrri ,, 1^22:220 (1980). 

After hybridoma cells are identified that produce antibodies of the desired specificity, affinity, and/or 
activity, the clones may be subcloned by limiting dilution procedures and grown by standard methods. Coding. 
Monogl^nnl AntiMiCSr Prinrirl^S m(j Pn^aicr . pp.59- 104 (Academic Press, 1986). Suitable culture media for 
this purpose include, for example, Dulbecco's Modified Eagle's Medium or RPMI-I640 medium. In addition, 
the hybridoma cells may be grown in vivo as ascites mmors in an animal. 

The monoclonal antibodies secreted by the subclones are suitably separated from the culmre medium, 
ascites fluid, or senim by conventional immunoglobulin purification procedures such as, for example, protein 
A-Sepharose. hydroxyiapatite chromatography, gel electrophoresis, dialysis, or affmity chromatography. 

Alternatively, it is now possible to produce transgenic animals (e.g. mice) that are capable, upon 
immunization, of producing a full repenoire of human antibodies in the absence of endogenous immunoglobulin 
production. For example, it has been described thai the homozygous deletion of the antibody heavy chain joining 
region (J^) gene in chimeric and germ-line mutant mice results in complete inhibition of endogenous antibody 
produaion. Transfer of the human germ-line immunoglobulin gene array in such gemi-line mutant mice will 
result in the produaion of human antibodies upon antigen challenge. See, e.g. Jalcobovits et a/.. Proc. NntI Ar^H 
Sc i. USA. 22:2551-255 (1993); Jalcobovits et al., Hallirs. 262:255-258 (1993). 

In a further embodiment, antibodies or antibody fragments can be isolated from antibody phage libraries 
generated using the techniques described in McCafferty et al., Nanire. 245:552-554 (1990). using the VRP to 
select for a suitable antibody or antibody fragmenL Claclcson et al., Uma, 212:624-628 ( 1 99 1 ) and Maries et 
al.,UdsL3M^ 222:581-597 (1991) describe the isolation of murine and human antibodies, respectively, usmg 
phage libraries. Subsequent publications describe the production of high-afRnity (nM range) human antibodies 
by chain shuffling (Marie etai., BiofTKhm] ii2:779-783 [1992]), as well as combinatorial infeaion and m v,vo 
recombination as a strategy for constmcting very large phage libraries. Waterhouse et al., Nuc. Acid<; Rr. 
21:2265-2266 (1993). Thus, these techniques are viable alternatives to traditional monoclonal antibody 
hybridoma techniques for isolation of "monoclonal" antibodies (especially human antibodies) that are 
encompassed by the present invention. 

DNA encoding the monoclonal antibodies of the invention is readily isolated and sequenced using 
convcnnonai procedures (e.g., by using oligonucleotide probes that arc capable of binding specifically to genes 
encoding the heavy and light chains of murine antibodies). The hybridoma cells of the invention serve as a 
preferred source of such DNA. Once isolated, the DNA may be placed mto expression vectors, which are then 
transfected into host cells such as simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that 
do not otherwise produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the 
recombinant host cells. The DNA also may be modified, for example, by substituting the coding sequence tor 
human heavy- ajid light-chain constant domams in place of the homologous munnc sequences (Morrison et al.. 
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PrgC . Nnt , A^;ad . S<;i . USA . iL 6851 [1984]), or by covalently joining ro the immunogiobulin coding sequence 
ail or part of the coding sequence for a non-immunogiobuiin polypeptide. In thai manner, "chimeric" or "hybrid" 
antibodies are prepared that have the binding specificity of an anti-VRP monocionai antibody hercm. 

Typically, such non-immunoglobuiin polypeptides are substituted for the constant domains of mi 
antibody of the invention, or they are substituted for the variable domains of one antigen-combining site of an 
antibody of the invention to create a chimeric bivalent antibody comprising one antigen-combining site having 
specificity for an VRP and another antigen-combining site having specificity for a different antigen. 

Chimeric or hybrid antibodies also may be prepared in vitro using known methods in synthetic protein 
chemistry, including those involving crosslinking agents. For example, immunotoxins may be constnictcd using 
a disulfide exchange reaction or by forming a thioether bond. Examples of suitable reagents for this purpose 
include iminothiolate and methyi-4-mcrcaprobutyrimidate. 

For diagnostic applications, the antibodies of the invention typically will be labeled with a detectable 
moiety. The detectable moiety can be any one which is capable of producing, either directly or indirectly, a 
detectable signal. For example, the detectable moiety may be a radioisotope, such as ^H, ^'^C, ^^P, ^^S. or ^^^I; 
15 a fluorescent or chemiiuminescent compound, such as fluorescein isothiocyanate, rhodamine, or lucifenn; or an 
enzyme, such as alkaline phosphatase, bcta-galactosidase, or horseradish peroxidase. 

Any method known in the art for scpaiateiy conjugating the antibody to the detectable moiety may be 
employed, including those methods described by Hunter et aL, Nature. 144:945 (1962); David et aL, 
DiwhcmlrfTrv. Il: 1 0 1 4 ( 1 974); Pain et ai , J. ImmunoL VfeTh. 40:2 1 9 ( 1 98 1 ); and Nygren, J. Histochem. and 
20 CvtochcTn., 10-407 nQ«7^ 

The antibodies of the present invention may be employed in any known assay method, such as 
competitive binding assays, direct and indirect sandwich assays, and immunoprccipitation assays. Zola, 
Monocionnl Antibodies: A Manual of TechninMr<; pp. 147-158 (CRC Press, Inc., 1987). 

Competitive binding assays rely on the ability of a labeled standard (which may be a VRP, or an 

2 5 immunologically reactive portion thereof) to compete with the test sample analyte (VRP) for binding with a 

limited amount of antibody. The amount of VRP in the test sample is inversely proportional to the amount of 
standard that becomes bound to the antibodies. To facilitate detcnnining the amount of standard that becomes 
bound, the antibodies generally are insolubilized before or af^er the competition, so that the standard and analyte 
that arc bound to the antibodies may conveniently be separated from the smndard and analyte which remain 

3 0 unbound. 

Sandwich assays involve the use of two antibodies, each capable of binding to a different immunogenic 
portion, or epitope, of the protein to be detected (VRP). In a sandwich assay, the test sample analyte is bound 
by a first antibody which is immobilized on a solid support, and thereafter a second antibody binds to the analyte, 
thus fonning an insoluble three-part complex. See, e.g.^ US Pat No. 4,376, 110. The second antibody may itself 
3 5 be labeled with a detectable moiety (direct sandwich assays) or may be measured using an anti-immunogiobulin 
antibody that is labeled with a detectable moiety (indirect sandwich assay). For example, one type of sandwich 
assay is an ELISA assay, in which case the detec^ble moietv is an cnzvme. 
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C. Humanized AntThndi^<^ 

Methods for humanizing non-human antibodies are weil known in the an. Generally, a humanized 
antibody has one or more amino acid residues introduced into it from a source which is non-human. These non- 
human ammo acid residues are often refen^d to as "impon" residues, which are typically taken from an "impon" 
5 variable domain. Humanization can be essentially performed following the method of Winter and co-workers 
(Jones et ai. NamiS. 121:522-525 [1986]; Riechmann et ai^ Nature. 122:323-327 [1988]; Vcrhoeyen et ai. 
SiisHi^ 212:1534-1536 [1988]), by substituting rodent CDRs or CDR sequences for the conrsponding 
sequences of a human antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (U.S. Pat. 
No. 4,816,567, supra\ wherein substantially less than an intact human variable domain has been substimted by 

1 0 the corresponding sequence from a non-human species. In praaicc, humanized antibodies are typically human 
antibodies in which some CDR residues, and possibly some FR residues, are substituted by residues from 
analogous sites in rodent antibodies. 

It is important that antibodies be humanized with retention of high affinity for the antigen and other 
favorable biological propenies. To achieve this goal, according to a preferred method, humanized antibodies 

15 arc prepared by a process of analysis of the parental sequences and various conccpmal humanized products using 
three-dimensional models of the parental and humanized sequences. Thrrc-dimensionai immunoglobulin models 
arc familiar to those skilled in the art. Computer programs arc available which illustrate and display probable 
three-dimensional conformational structures of selected candidate immunoglobulin sequences. Inspection of 
these displays permits analysis of the likely role of the residues in the funaioning of the candidate 

2 0 immunoglobulin sequence, /.e, the analysis of residues that influence the ability of the candidate immunoglobulin 

to bind its antigen. In this way, FR residues can be selected and combined from the consensus and import 
sequence so that the desired antibody characteristic, such as increased affinity for the target antigen(s), is 
achieved. In gener^il, the CDR residues are directly and most substantially involved in influencmg antigen 
binding. For further details see WO 92/22653, published 23 December 1992. 
25 D. Bispecific Antibndif<: 

Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that have binding 
specificities for at least two different antigens. In the present case, one of the binding specificities is for the VRP, 
the other one is for any other antigen, and preferably for a receptor or receptor subuniL For example, bispecific 
antibodies specifically bindmg the Flt4 receptor and the VRP are within the scope of the present invention. 

3 0 Methods for making bispecific antibodies are known in the art. Traditionally, the recombinant 

production of bispecific antibodies is based on the co-expression of two immunoglobulin heavy-chain/light-chain 
pairs, where the two heavy chains have different specificities. Millstein and Cuello, Namre . lfi;i:537.539 (1983). 
Because of the random assortment of immunoglobulin heavy and light chams, these hybridomas (quadromas) 
produce a potential mixture often different antibody molecules, of which only one has the correct bispecific 
3 5 smicnirc. The punficarion of the correct molecule, which is usually done by affinity chromatography steps, is 
rather cumbersome, and the product yields are low. Similar procedures are disclosed in WO 93/08829. published 
13 May 1993, and in Traunecker et ai., EMBO J. . iQ;3655-3659 (1991). 

According to a different and more preferred approach, antibody vanable domains with the desu-ed 
binding specificities (antibody-antigen combmmg sues) are tused to Lmmunogiobuiin constant domain sequences. 
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The fusion preferably is with an immunogiobulin heavy-chain consumi domain, comprising at least pan of the 
hinge, CH2, and CH3 regions. It is preferred to have the first heavy- chain constant region (CHI) containing 
the site necessary for light-chain binding present in at least one of the ftisions. DNAs encoding the 
immunoglobulin heavy-chain fusions and, if desired, the immunogiobulin light chain, are inserted into separate 
5 expression vectors, and arc co-transfected into a suitable host organism. This provides for great flexibility in 
adjusting the mutual proportions of the three polypeptide fragments in embodiments when unequal ratios of the 
three poiyp>cptidc chains used in the construction provide the optmium yields. It is, however, possible to insert 
the coding sequences for two or all three polypeptide chains in one expression vector when the expression of at 
least two polypeptide chains in equal ratios results in high yields or when the ratios are of no panicular 

10 significance. In a preferred embodiment of this approach, the bispecific antibodies are composed of a hybrid 
immunoglobulin heavy chain with a fu^t binding specificity in one arm, and a hybrid immunoglobulin heavy- 
chain/light-chain pair (providing a second binding specificity) in the other arm. It was found that this asymmetric 
structure facilitates the separation of the desired bispecific compound from unwanted immunoglobulin chain 
combinations, as the presence of an immunoglobulin light chain in only one half of the bispecific molecule 

15 provides for a facile way of separation. This approach is disclosed in WO 94/04690 published 3 March 1994. 
For further details of generating bispecific antibodies see, for example, Surcsh et ai. Methods in Enzvrnolngv. 
121:210 (1986). 

E- Heterocon jugate Antihodie<; 

Heteroconjugate antibodies are also within the scope of the present invention. Heteroconjugate 

2 0 antibodies are composed of two covalently joined antibodies. Such antibodies have, for example, been proposed 

to target immune system cells to unwanted cells (US Patent No. 4,676,980), and for treatment of HIV infection. 
WO 91/00360; WO 92/200373; EP 030S9- Heteroconjugate antibodies may be made using any convenient 
cross-linking methods. Suitable cross-linking agents are well known in the art, and are disclosed, for example, 
in U.S. Pat- No, 4,676,980, along with a number of cross-linking techniques. 
25 5. Uses of VRP Antibodies 

i. Therapeutic Use^^ 

VRP antibodies may be useful in certain therapeutic indications to block activity of the VRP (for 
example, to block excess activation or inhibition of the Flt4 receptor or another receptor that binds to VRP, and 
to block neovascularization, re-endothclialization, and angiogenesis). Specifically, the VRP antibodies are useful 

3 0 in the treatment of various neoplastic and non-neopiastic diseases and disorders. Neoplasms and related 

conditions that are amenable to treatment include breast carcinomas, lung carcinomas, gastric carcinomas, 
esophageal carcmomas, colorectal carcinomas, liver carcinomas, ovarian carcinomas, thecomas, 
arrheno blastemas, cervical carcinomas, endometrial carcinoma, endometrial hyperplasia, endometriosis, 
fibrosarcomas, choriocarcinoma, head and neck cancer, nasopharyngeal carcinoma, laryngeal carcinomas, 
3 5 hepatoblastoma, Kaposi's sarcoma, melanoma, skin carcmomas, hemangioma, cavernous hemangioma, 
hemangioblastoma, pancreas carcmomas, retinoblastoma, astrocytoma, glioblastoma. Schwannoma, 
oligodendroglioma, medulloblastoma, neuroblastomas, rhabdomyosarcoma, osteogenic sarcoma, 
leiomyosarcomas, urinary tract carcinomas, thyroid carcinomas, Wilm's tumor, renal ceil carcinoma, prostate 
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carcinoma, abnormai vascular proiifemtion associated with phakomatoses, edema (such as that associated with 
brain tumors), and Meigs' syndrome. 

Non-neopiastic conditions that are amenable to treatment include rheumatoid arthritis, psoriasis, 
atherosclerosis, diabetic and other retinopathies, retrolental fibroplasia, neovascular glaucoma, age-related 
5 macular degeneration, thyroid hyperplasias (including Grave's disease), corneal and other tissue transplantation, 
chronic inflammation, lung inflammation, nephrotic syndrome, preeclampsia, ascites, pericardial effusion (such 
as that associated with pericarditis), and pleural effusion. 

Age-related macular degeneration (AMD) is a leading cause of severe visual loss in the elderly 
population. The exudative form of AMD is charaaerizcd by choroidal neovascularization and retinal pigment 
10 epithelial ceil detachment. Because choroidal neovascularization is associated with a dramatic worsening in 
prognosis, the VRP antibodies of the present invention are expected to be especially useful in reducing the 
severity of AMD. 

For therapeutic applications, the VRP antibodies of the invention arc administered to a mammal, 
preferably a human, in a pharmaceutically acceptable dosage form, including those that may be administered to 

15 a human intravenously as a bolus or by continuous infusion over a period of time, by intramuscular, 
intraperitoneal, intra-cerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or 
inhalation routes. The VRP antibodies also arc suitably administered by intratumoral, peritumoral, intralesional, 
or pcrilcsional routes or to the lymph, to exert local as well as systemic therapeutic effects. The intraperitoneal 
route is expected to be particularly useful, for example, in the treatment of ovarian tumors. 

2 0 Such dosage forms encompass pharmaceutically acceptable carriers that are inherently non-toxic and 

non-therapeutic. Examples of such carriers include ion exchangers, alumina, aluminum stearate, lecithin, senmi 
proteins, such as human serum albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium 
sorbate, panial glyceridc mixtures of saturated vegetable fatty acids, water, salts, or electrolytes such as 
protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, 

2 5 colloidal silica, magnesium trisilicatc, polyvinyl pyrrolidone, ccilulose-bascd substances, and PEG. Carriers for 

topical or gel-based forms of VRP antibodies include polysaccharides such as sodium carboxymethylcellulose 
or methylccllulose, polyvinylpyrrolidone, polyacrylates, poiyoxyethylene-polyoxypropylcne-bloclc polymers, 
PEG, and wood wax alcohols. For all administrations, conventional depot forms are suitably used. Such forms 
include, for example, microcapsules, nano-capsules, liposomes, plasters, inhalation forms, nose sprays, 

3 0 sublingual tablets, and sustained-release preparations. The VRP antibody will typically be formulated in such 

vehicles at a concentration of about 0. 1 mg/ml to ICQ mg/ml. 

Suiublc examples of sustained-release preparations include semipermeable matrices of solid 
hydrophobic polymers containing the VRP antibody, which matrices are in the form of shaped articles, e.g. films, 
or microcapsules. Examples of sustamed-re lease matrices include polyesters, hydrogels (for example, poly(2- 
3 5 hydroxyethyl-methacrylate) as described by Longer et a/., supra and Longer, supra, or poly(vinylalcohol), 
polylactides (U.S. Pat. No. 3,773.9 19), copolymers of L-glutamic acid and gamma ethyl-L-glutamate (Sidman 
et aL, supra), non-degradable ethylene-vmyl acetate (Longer et al.. supra), degradable lactic acid-glycolic acid 
copolymers such as the Lupron Depot"^ (injectable micropheres composed of lactic acid-glycoIic acid 
copolymer and leuprolide acetatel, and poly-D-(-)-3-hydroxybutync acid. WTiile polymers such as ethylene-vuiyl 
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acetate and lactic acid-glycolic acid enable release of molecules for over 100 days, certain hydrogeis release 
proteins for shoncr time pcnods. When encapsulated VRP antibodies remam in the body for a long time, they 
may denamrc or aggregate as a result of exposure to moisture at C, resulting in a loss of biological activity 
and possible changes in immuno genie ity. Rational strategies can be devised for stabilization depending on the 
mechanism involved. For example, if the aggregation mechanism is discovered to be intcrmolecular S-S bond 
formation through thio-disulfide interchange, stabilization may be achieved by modifying suifhydiyi residues, 
lyophilizing from acidic solutions, controlling moisture content, using appropnate additives, and developmg 
specific polymer matrix compositions. 

Sustained-release VRP antibody compositions also include liposomally entrapped antibodies. 
Liposomes containing the VRP antibodies are prepared by methods known in the art, such as described in Epstein 
et al.^ Pn??.Natl . Ac<ld , USA 52:3688 (1985); Hwang et ai. Proc. Natl. Acnd TTf^^ 22:4030 (1980); 
and U.S. Pat Nos. 4,485.045 and 4,544,545. Ordinaniy, the liposomes are the smaii (about 200-800 Angstroms) 
unilameiar type in which the lipid content is greater than about 30 moL% cholesterol, the selected proportion 
being adjusted for the optimal VRP antibody therapy. Liposomes with enhanced circulation time arc disclosed 
15 in U.S. Patent No. 5,013,556. 

Another use of the present invention comprises incorporating VRP antibodies into formed articles. Such 
articles can be used in modulating endothelial cell growth and angiogenesis. In addition, tumor invasion and 
metastasis may be modulated with these anicles. 

For the prevemion or treatment of disease, the appropriate dosage of VRP antibody will depend on the 
type of disease to be treated, as defined above, the seventy and cour3e of the disease, whether the antibodies are 
administered for preventive or therapeutic purposes, previous therapy, the patient's clinical history and response 
to the VRP antibody, and the discretion of the attending physician. The VRP antibody is suitably administered 
to the patient at one time or over a series of treatments. 

Copending on the type and severity of the disease, about 1 ^g/kg to 15 mg/kg of VRP antibody is an 
initial candidate dosage for administration to the patient, whether, for example, by one or more separate 
administrations, or by continuous infusion. A typical daily dosage might range from about 1 ^ig/lcg to 100 mg/kg 
or more, depending on the factors mentioned above. For repeated administrations over several days or longer, 
depending on the condition, the treatment is sustained until a desired suppression of disease symptoms occurs. 
However, other dosage regimens may be useful. The progress of this therapy is easiiy monitored by conventional 
3 0 techniques and assays, including, for example, radiographic tumor imaging. 

According to another embodiment of the invention, the effectiveness of the VRP antibody in preventing 
or treating disease may be improved by admmistcnng the VRP antibody serially or in combination with another 
proteinaceous agent that is effective for those purposes, such as those enumerated below, or one or more 
conventional therapeutic agents such as, for example, alkylating agents, folic acid antagonists, anti-metabolites 
of nucleic acid metabolism, antibiotics, pyrrmidine analogs, 5-fluoroaracii, cispiatin, punne nucleosides, ammes, 
ammo acids, tnazoi nucleosides, or corticosteroids. Such other agents may be present m the composition being 
administered or may be admmistered separately. Also, the VRP annbody is suitably admmistered senaily or in 
combination with radiological treatments, whether involving uradiation or administration of radioactive 
substances. 
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In one embodiment, vascularization of tumors is attacked in combination therapy. One or more VRP 
antibodies are administered to tumor-beanng patients at therapeutically effective doses as determined, for 
example, by observmg necrosis of the tumor or its metastatic foci, if any. This therapy is continued until such 
time as no further beneficial effect is observed or clinical examination shows no trace of the mmor or any 
5 metastatic foci. Then the proteinaceous auxiliary agent is administered, alone or in combination with another 
auxiliary agent Such agents include, e.g., TNF, an antibody capable of inhibiting or neutralizing the angiogenic 
activity of aFGF or bFGF or hepatocyte growth factor (HGF), an rhVEGF antagonist as described in WO 
94/10202, supra, alpha-, 

beta-, or gamma-intcrferon, anti-HER2 antibody, heregulin, anti-hereguiin antibody, D-factor, interieukin-l (IL- 
10 1 interleukin-2 (IL-2), GM-CSF, or agents that promote microvascular coagulation in mmors, such as anti- 
protein C antibody, anti-protein S antibody, or C4b binding protein (WO 9 1/01753 published 21 February 1991), 
or heat or radiation. 

Since the auxiliary agents will vary in their effectiveness it is desirable to compare their impact on the 
mmor by matrix screening in conventional fashion. The administration of VRP antibody and TNF and/or other 

15 auxiliary agent is repeated until the desired clinical effect is achieved. Alternatively, the VRP antibody or 
antibodies arc administered together with TNF and, optionally, other auxiliary agent(s). In instances where solid 
tumors are found in the limbs or in other locations susceptible to isolation from the general circulation, the 
therapeutic agents described herein arc administered to the isolated mmor or organ. In other embodiments, a 
FGF or platelet-derived growth factor (PDGF) antagonist, such as an anti-FGF or an anti-PDGF neutralizing 

2 0 antibody, is administered to the patient in conjunction with the VRP antibody. Treatment with VRP antibodies 
optimally may be suspended during periods of wound healing or desirable neovascularization, 
ii. Other Uses 

The VRP antibodies of the invention also are useful as affinity purification agents. In this process, the 
antibodies against VRP arc immobilized on a suitable support, such a Sephadex resin or filter paper, using 

2 5 methods well known in the art. The immobilized antibody then is contacted with a sample containing the VRP 

to be purified, and thereafter the support is washed with a suitable solvent that will remove substantially all the 
material in the sample except the VRP, which is bound to the immobilized antibody. Finally, the support is 
washed with another suitable solvent, such as glycine buffer, pH 5.0, that will release the VRP from the antibody. 

VRP antibodies may also be useful in diagnostic assays for VRP, e.g., detecting its expression in 

3 0 specific cells, tissues, or serum. The antibodies are labeled in the same fashion as VRP descnbed above and/or 

arc immobilized on an insoluble matrix. VRP antibodies also are useful for the affinity purification of VRP from 
recombinant cell culture or natural sources. VRP antibodies that do not detectably cross-react with other proteins 
can be used to purify VRP free from these other known protems. Suitable diagnostic assays for VRP and its 
antibodies are described above. 

3 5 III- E?tpgrimgnt3l 

Below arc examples of specific embodiments for carrying out the present invention. The examples are 
offered for illustrative purposes only, and are not intended to limit the scope of the present invention in any way 

All publications, patents and patent applications cited herein, whether supra or infra, are hereby 
incorporated by reference in their entirery. 
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EXAMPT.F 1 

hglation of CDNA Clone?; Fnr oding Human F1t4 Recentnr 
cDNA synthesized from mRNA punfied from the human megakaryocyie leukemia ceil line CMKl 1-5 
was amplified with redundant PGR primers based on the conserved regions of tyrosine kinase receptors. Wilks, 
5 Pr9C . Natl . Agfltl . Sgi . Uf?A ,M: 1603-1 607 (1989). One amplified fragment of about 180 bp with a unique DNA 
sequence (designated SAL-S 1 or tk 1 ; PCT/US 93/005 86, supra) was used to screen (Jansscn et ai. supra) cDNA 
libraries from CMKI 1-5 and DAMI cells to obtain overlapping clones that encoded the flill-length short form 
of FIt4 receptor (1298 amino acids). The sequence of the assembled Flt4-encoding clones matched that reported 
from an anerythro leukemia ceil line (Pajusola et aL, Cancer Res.. supra)\ it encodes 8 amino acid differences 
10 from another reported FU4 sequence. Galland et aL, Oncogene, supra. Clones encoding the long form of Flt4 
(1363 amino acids) were constructed by synthesizing the differing 3' DNA sequence of about 200 bp based on 
the published sequence, Pajusola et aL, Oncopenp supra. 

EXAMPLE 2 

Receptor fgG Fusion Prot eins. Flt4/TpG Antiserum. 

^5 andG61 FACS Anr^iyy-. 

Fltl/IgG (Park et al.^ supra), Flk I/IgG (Park et ai. supra), Rse/IgG (Godowski et ai^ CslL S2: 355-358 
[1995]), and HtkAgG (Bennett et ai, J. Biol. Chem 269 : 142 11-14218 [1994]) were produced as described in 
these references. For Flt4/IgG, DNA encoding the extracellular domain of the Flt4 receptor (amino acids 1-775) 
was spliced to the Fc region of a human IgG heavy chain at the unique BslEII site in the plasmid pBSSK-Fc 

2 0 (PBSSIC-CH2CH3). Bennettgf g/., /, Bjgl. Ch?m„2M: 23060-23067(1991). The open reading frame encoding 
Flt4/IgG was cloned in the mammalian expression veaor pRK5 (Suva et a!.. Science. 237 : 893-896 [1987]) to 
yield the plasmid pRK5.tkligL 1 . This plasmid was transfected by clectroporation (Janssen et ai. supra) into 
293 cells (ATCC CRL 1651), and after 3-4 days, FIt4/IgG was purified from the senim-free conditioned medium 
with protein A agarose (Calbiochem). Flt4 antiserum was generated by injection of purified Flt4/IgG into 

2 5 rabbits. 

By using this fusion protein to screen cell lines for membrane-bound VRP by FACS analysis, one 
positive ceil line was identified, G61, described below. 

The human glioma cell line, G6I (Hamel et ai, J, Neurosci. Res. . ^4: 147-157 [1993]), was culmrcd 
in F12;DMEM (50:50) (high glucose) containing 10% fetal bovine serum, 2 mM L-glutamme, and antibiotics. 

3 0 For FACS analysis of Flt4/IgG binding to G61 cells, 1 million cells were incubated with 70 nM rcceptor-igG 

fusion protein in phosphate-buffered saline (PBS), 5% goat scrum, 2% rabbit serum for 60 mm. at 4°C and then 
stained with 10 pg/mL bioiin-SP-conjugated goat anti-human Fc antibody and 10 i^g/mL R-phycoerythrin- 
conjugated sircptavidin (Jackson Immuno Research). G61 caused about a 10-fold shift in peak fluorescence 
intensity that was specific for Flt4/IgG as compared to Rsc^gG, an unrelated tyrosine kinase receptor complex 
3 5 (Fig. 2). Attempts to expression clone this putative membrane-bound VRP by the transfection of pools of cDNA 
clones into COS cells foilowed by screening with labeled Flt4/1gG yielded no positives rrom 640 pools of 1000- 
5000 clones each. 
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EXAMPf F -i 
Isolation of CDNA Clones Fnr odinp Hiim^n VRP 
A cDNA library was prepared from polyA+ fWA isolated as described in Cathalacr a/.. DHA: 2: 329. 
335 (1983) and Aviv and Leder. Pr??. N?tl, !IS^ 62: 1408-1412 (1972) from the human glioma cell 

S line. G61. Hamci et a/., supra. cDNA was prepared from this RNA with reagents from GIBCO/BRL 
(Superscript) and cloned in the plasmid pRJCSB (Holmes et al.. Science. 221: 1278-1280 [1991 ]) digested with 
XhQl and mi. Clones encoding VRP were isolated by screening the cDNA library with synthetic 
oligonucleotide probes based on an EST sequence (GenBank locus HSCI WFI 1 1), which showed a reasonable 
match to VEGF. The EST sequence of HSCI WFI 1 1 is 299 bp and is 36% identical to VEGF over 50 residues. 
10 including an 1 1 of 13 residue match beginning at VEGF amino acid 56. The sequence is as follows: 

5'-CCGTCTACAGATGTGGGGG-rTGCTGCAATAGTGAGGGGCTGCAGTGCATGAACACCAGCACG 
AGCTACCTCAGNAAGACCTTATTTGAAATTACAGTGCCTCTCTCTCAAGGCCCCAAACCAGTAA 
CAATCAGrrrTGCCAATCACACTTCCTGCCGATGCATGTCTAAACTGGATGTITACAGACAAGT 
TCArrCCATTATTAGACGTTCCCTGCCAGCAACACTACCACAGTGTCAGGCAGCGAACAAGACC 
IS TGCCCCACCAATTACATGTGGAATAATCACATCTGCAGATGCGTG (SEQ ID NO: 6). 

The sequences of the oligonucleotide probes ovhl.4 and ovhl.5 employed are indicated below. 

ovhl.4: 5--CTGGTGTTCATGCACTGCAGCCCCTCACTATTGCAGCAACCCCCACATCT (SEQ ID NO- 
7) 

ovhl.5: 5--GCATCTGCAGATGTGATrATTCCACATGTAATTGGTGGGGCAGGTCTTGT (SEQ ID NO: 
20 8) 

These two probes were 32p labeled and hybridized in 20% fonnamide at 42' C with a fmal wash in 30 
mM NaCl/3 mM trisodium citrate at 55° C. Janssen, Current Prorornk in Molecular Rinln^v John Wiley & Sons 
(1995). Seven positives were identified and charncterized from 650,000 clones screened. The positives fell into 
three groups by restriction mapping and DNA sequencing. 

2 5 Clones VH 1 .4 (pRK.vh 1 .4. 1 ) and VH 1 .6 included the ftjll coding region (Fig. 3A) and were sequenced 

completely. TTiey differ only in length and the lack of two Ts preceeding the 3' poly A sequence in VHI. 6. 
Clone VHI. 2 is collinear with VHI. 4. Clones VHI. 3. VHI. 5. and VHI. 7 are identical and have a 557 bp 
deletion when compartrd with VH1.4 (a deletion of bp 519-1075), and clone VH 1.1 has a 152 bp deletion when 
compared with VH 1 .4 (a deletion of bp 924- 1 075). Tlie nucleotide and deduced ammo acid sequences of VH 1 .4 

3 0 are shown in Figure 1 . 

The sequence contained an open reading frame of 419 ammo acids beginning with an ATG codon 
preceded by a purine residue at position -3 as expected for a translation initiation site. Kozak. N.icl Acid-; Re^ 
12: 857-872 (1984). About 250 bp 5' of this ATG are two in-frame ATG codons followed shortly (4 or 10 ammo 
acids) by a stop codon. Both of these ATG's have a pyrimidine at position -3 and would not be expected to 
3 5 function as a strong translation initiation sue. Kozak. supra. TTie encoded amino acid sequence imediately 
followmg the Stan of the 4 19 ammo acid readmg frame is hydrophobic, indicative of an amino-termmal secretion 
signal sequence. Periman and Halvorson. J, Mg], jf^; 391-409 (1983). See Figure 3A. The most likely 

cleavage sue for this sequence would be after ammo acid 20. although cleavage following residues 15 or 16 
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cannot be excluded, von Heijne, Nucl. Acid<; R^<: 14; 4683-4690 (1986). The open reading frame is preceded 
by a GC-rich 5' untranslated region of about 380 bp and followed by a 3' untranslated region of about 400 bp. 

The predicted manire amino acid sequence of human VRP contains 399 amino acid residues (translated 
Mj. = 44.8 IcDa), of which 37 (9.3%) are cysteme residues: there are three potential N-Iinked glycosyiation sites 
5 (Fig. 3 A). An alignment of the amino acid sequence of VRP with the six forms of VEGF and PIGF shows that 
it is most similar to VEGFj2i identical) and PIGFj3 ^ (27% identical) (Fig. 3B); the locations of 8 of the 

9 cysteine residues are conserved. While VRP does not contain the regions of basic amino acids found in some 
fonns of VEGF and PIGF. it is considerably larger than VEGF and contains a cysteine-rich C-terminal half of 
the molecule that is not found in VEGF. This cysteine-rich domain has four copies of the pattern Cys followed 
10 by ten non-Cys residues followed by Cys-X followed by Cys-X and then by Cys (Fig. 3B), a repeat found more 
than 50 times in a diptran Balbiani ring 3 protein. Paulsson et g/.. J. MoL Biol.. 211 : 33 1-349 (1990). Without 
being limited to any one theory, VRP may interact with other membrane -bound proteins on these cells via the 
cysteine residues; such an intermolecular interaction has been proposed for the Balbiani protein. Paulsson et al.. 
supra. 

^5 Two of the cDNA clones (VHI.l and VHI.3) contained a 152 or 557 bp deletion when compared with 

VHI,4 (Fig. 3 A). Both these deletions end at the same nucleotide and are presumed to be the result of alternative 
splicing. Both deletions would be expected to encode the same frame-shifted protein 3* of the deletion which 
terminates at astop codon within 15 amino acids. The protein encoded by VH1.3 would include none of the core 
cysteine region similar with VEGF. VHl.l contains much of the region that is similar to VEGF; its deletion, 

2 0 however, is not analogous to the various known forms of VEGF or PIGF. Ferrara et a/., supra; Maglionc et ai, 

supra; Hauser and Weich. supra. 

Figure 4 discloses an alignment of VH1.4 (top) with 1 1 EST cDNA sequences from GcnBank. It is 
noted that the 3* ESTs arc at the polyA end and that the ESTs cover only a little more than half of the fuU-lengih 
sequence of VH1.4. 
25 EXAMPLE 4 

Reccrior IgG Precipitation of ^^S-Labeled VRP 
To determine whether VRP is a ligand for Flt4, expression piasmids containing the VH 1 .4 cDN A clone, 
as well as control piasmids (the expression vector alone or with VEGF or PIGF DNA), were transfected into 
COS7 cells and the proteins labeled with ^^S amino acids. Conditioned media from these cells was prccipatated 

3 0 with Flt4/IgG and Flkl/IgG. Specifically, the VRP expression piasmid, pRK.vh 1.4.2, was constructed by 

deleting about 360 bp of 5' unn^slated sequence (5' of the Age ! site (Fig. 3 A) from VH1.4). This DNA and 
control piasmids encoding VEGF ^ (Houck et aL , Mol. Endocrinol.. ^; 1 806- 1 8 1 4 [ 1 99 1 ]), PIGF ^ (P^*^ 
et aL, supra), or the vector alone (pRK5; Suva et ai^ supra) were n^sfected into COS7 ceils with DEAE- 
dexiran. Jansscn et ai, supra. Two days after transfeciion, the ceils were pulse-iabeied in 10-cm dishes for 5 
3 5 hours with 5 mL of methionine- and cysteme-free DMEM supplemented with 100 ^Ci/mL of "^^S amino acids 
(Pro-Mix brand: Amersham *?SJO0079) at 37° C. and then chased with DMEM tor 7 hours. Tne labeled 
conditioned medium was concentrated 10-fold by spm concenoation (Centncon- 1 0™ brand; Amicon (^4203). 
Fifty ^iL of the concentrated medium was incubated with 3 i^g of receptor IgG and 80 of a 50% slurry of 
protein A agarose (Calbiochem ) overnight at 4" C. The precipitates were washed with PBS/0. 1 % Triton X- 1 00. 
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boiled in SDS sample buffer, and eiecffophoresed on 12% SDS polyacryiamide gels (Novex #EC60052). The 
gels were treated with autoradiography enhancer (duPont #NEF974) and exposed overnight at -70°C. 

Two specific bands of 53 kDa and 33 kDa were precipitated from the VRP tnmsfection by the FIt4/lgG; 
these bands were absent in the vector transfection. Little or no specific precipitation of these two bands was 
found with Fltl/IgG or Flkl/lgG. At times, some VRP precipitation was detected with Flkl/IgG, suggesting that 
VRP may have a low-affinity interaction with Flkl. Transfection with a VEGF-expressing plasmid showed the 
expected precipitation of a strong band of about 22 kDa with Fltl/IgG and Flkl/IgG (DcVries et aJ., supra; 
Quinn « al.. supra; Millauer e, ai, supra; Terman e, al., Biochen. Binnhv. Re., rommnn supra), but no 
precipitation with Flt4/IgG. Similar experiments with labeled PIGF showed no precipitation by FIt4/IgG. but 
did give the expected precipitation by FItl/IgG. but not by FlklAgG. Parle et aL supra. These data indicate that 
the VRP binds to the extracellular domain of the Flt4 receptor, but does not interact (or does so much more 
weakly) with the VEGF receptors Fltl or Flkl . They also confirm the lack of an interaction of VEGF with FIt4 
(Pajusola et al., QngPPCn? . 2. supra) and indicate that PIGF is also not a ligand for this receptor. 



Tyrosine Phosnhnrvlntinn of Flt4 Reeepmr 
To assay FU4 tyrosine phosphorylation (also described in PCT/US93/00586. supra), Flt4 was expressed 
in 293 cells and Flt4 phosphorylation monitored by phosphotyrosine immunoblot. Specifically. DNA encoding 
the long form of human Flt4 was cloned into the mammalian expression vector pRKS (Suva et al., supra) to give 
the plasmid pRK.tkl-3.1. This plasmid was co-trans fccted with a plasmid containing a miroglycoside 
phosphotransfer^ise (neo) transcription unit into 293 cells by calcium phosphate precipitation (Janssen et ai, 
supra), and stably transfected lines were selected by growth on G4 1 8 (Gibco). One clonal cell line expressing 
Flt4 (clone 3 1), as determined by FACS analysis with Flt4/lgG antisenmi. and untiansfected 293 cells were used 
in the Flt4 tyrosine phosphorylation assays. One million cells in 100 ^L of PBS/0.1% bovine serum albumin 
(BSA) were mixed with 100 nL of sample and incubated at 37-C for 15 minutes. The cells were then collected 
by centrifiigation and lysed in 250 jiLof 0.15 M NaCl. 10% glycerol. 1% Triton X-IOO, 50 mM HEPES pH 7.3. 
4 ng/mL PMSF, 0.02 u/mL aprotinin (Sigma A6279), and 20 mM sodium onhovanadate. FIt4 was 
immunoprccipiuted by the addition of 8 nL of rabbit Flt4/IgG antiserum and 30 ^L of protein A agarose. 
Washed precipitates were boiled in SDS sample buffer, elcctrophoresed on polyacryiamide gels (Novex), 
transferred to nitrocellulose (Janssen et al.. supra), and probed with an anti-phosphotyrosine monoclonal 
3 0 antibody (Upstate Biotechnology) and an alkaline phosphatase detection system (Promega). 

Samples containing VRP or VEGF were prepared by the eiectroporation of expression plasmids 
encoding VH1.4 (pRK.vh 1 .4.2) or VEGF (Houck et al.. supra) into 293 cells and 20-fold concentration 
(Ccntricon-10. Amicon) of the 3-day scrum-fi-ee conditioned medium. In the receptor IgG competition 
experiments, the concentrated conditioned media were pre-incubated 1 hour at 4°C with receptor IgG. 
3 5 Without stimulation. 293 cells expressing or not expressing Flt4 showed linle or no Flt4 tyrosine 

phosphorylation. Stimulation of the Flt4-expressing ceils by Flt4/IgG antiserum showed the tyrosine 
phosphorylation of two bands of 180 and 120 kDa. No increase above basal phospnoi^lat.on was observed with 
prcinunune serum, and no bands were found with Flt4/lgG antiscnim stimulation of non-exprcssing cells. Two 
Flt4 bands of about this size have been reported as being expressed by DA.V11 and HEL cells. Pajusola el ai. 
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^^^'^S^^'^ - ^' iiddition. SDS gel analysis of purified Flt4/IgG shows that it is composed of peptides 

of 150, 80, and 70 kDa. N-tcnninai ammo acid sequence of the Flt4/IG peptides shows that the 150 and 70 IcDa 
bands have the amino acid sequence YSMTPPTL (SEQ ID NO: 9) (matching the Flt4 sequence staning at 
residue 25) and that the 80 kDa band has the sequence SLRRRQQQD (SEQ ID NO: 10) (matching the Flt4 
5 sequence beginning at residue 473). Thus, both the FIt4/TgG and ftill-length Flt4 appear to be panially cleaved 
in the extracellular domain, and the tyrosine phosphorylated bands of 180 and 120 kDa observed in the FU4 
phosphorylation assays would correspond to the 150 and 80 kDa peptides of FIt4/IgG. Addition of a polyclonal 
antiserum to the FIt4 expressing cells showed the tyrosine phosphorylation of two Flt4 bands of 180 and 120 
kDa; no bands were observed in non-expressing cells. These data show that polyclonal antibodies generated to 
1 0 the extracellular domain of the Flt4 receptor are capable of activating Flt4 tyrosmc phosphorylation. 

To determine whether VRP could activate the tyrosine phosphorylation of FIt4, conditioned media from 
mammalian cells transfccted with the VRP expression plasmid was assayed. This conditioned medium stimulated 
the tyrosme phosphorylation of the same 180 and 120 kDa bands found with the agonist polyclonal antibodies, 
demonstrating that VRP is able to stimulate the phosphorylation of, as well as bind to, Flt4. Conditioned medium 
15 from VEGF-expressing ceils failed to activate FIt4 tyrosine phosphorylation. 

To confirm the specificity of VRP binding to the receptors of the VEGF family, Flt4/TgG, FItl/IgG, 
Flkl/IgG, and Htk/IgG were tested for their ability to compete for VRP-stimulated Flt4 phosphorylation. As 
expeaed if VRP is a iigand for FU4, Flt4/IgG prevented the VRP-stimuiated phosphorylation, while FItl/IgG, 
Flkl/lgG, and Htk/IgG, a ftision protein from an unrelated tyrosine kinase receptor, had little or no effect These 
2 0 data show that VRP is able to induce the tyrosine phosphorylation of FIt4 . 

EXAMPr.F^ 
Pmification of VRP and R indin?tn f .nbeled F1t4/TprT 
The reading frame encoding the N-terminai secretion signal sequence and about 30 ammo acids of the 
herpes glycoprotein D (Lasky and Dowbenko, DNA. 1: 23-29 [1984]; Pennica et ai. Proc. Natl. Acr^d Sri 

2 5 USA. 22: 1 142-1 146 [1995]) were aised with a short linker sequence to the putative mature sequence of VRP. 

Following secretion from mammalian cells, this construct is expected to give the N-termmal glycoprotein D 
sequence: 

KYALADASLKMADPNRFRGKDLPVLDQLLEGGAAHYALLP (SEQ ID NO: 1 1) followed by the mature 
VRP sequence GPREAPAAAAAFE (SEQ ID NO: 12). DNA encoding this fusion protem was cloned into the 

3 0 vcaorpRKjS to give the plasmid pRK.vh 1.4.5. Tliis plasmid was transfccted into 293 ceils by eiectroporation 

(Janssen et ai^ supra\ and VRP purified from the 3-4 day serum-free conditioned medium by monoclonal 
antibody (5B6) affmiry chromatography and quantitated by colorimetric assay (Bio-Rad). This antibody is 
specific for the glycoprotein D sequence fused to the N-tcrminus of VRP. 

Flt4/IgG was lodinatcd to a specific activity of 1000-1500 Ci/mmol with lodobeads™ brand lodmated 
35 beads (Pierce). Bindmg was performed with -20.000 cpm ^-^l-Flt4/lgG and 1 2 ng VH 1 .4 gD fbsion protem 
m PBS, 0.5% BSA, 0.02% Tween-2o"^^^ surfactant, 1 ^g mL hepann (bmding buffer) containing 20 of a 
50% slurry of glass beads conjugated to -30 ^ig anti-gD monoclonal antibody (5B6 ) m a final volume of 1 00 
for 4-6 hours at 22^ C. Beads were coilected by filtration (Millipore MuItiscrecn-HV), washed five times with 
200 mL binding buffer, and counted. For bmding at increasmg concentrations of F]t4/IgG (Fig. 5B) the binding 
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buffer was DMEM (low g!ucose):F12 (50:50), 20 mM sodium HEPES, pH 7.2, 10% fetal bovine serum, 0.2% 
gelatin, and i ^ig/mL heparin. 

The punned VRP specifically bound to ^-^^I-Flt4/lgG, and the binding was not competed by unlabeled 
Fltl/IgG or FlklAgG (Fig. 5A). Binding competition with increasing concentrations of unlabeled Flt4/IgG (Fig. 
5 5B) gave an EC^q for this interaction of -^.7 nM, suggestmg that the binding of VRP to Flt4 is of high afTmity 
as would be expected if VRP is a biologically relevant ligand for Flt4. 

Blots containing poly(A)+ human RNA were from Clontech. For the G61 glioma cell line, 5 \ig of 
poly(A)+ and poiy(A)- RNA were clectrophoresed on a 1% agarosc/2.2 M formaldehyde gel and transferred to 
10 nitrocellulose (Jansscn et al., supra). Blots were hybridized with ^^P-Iabcled probes ovhl.4 and ovhK5 and 
washed in 30 mM NaCl/3 mM trisodium citrate at 55° C. 

The G61 glioma ceil line used in the cloning of VRP expresses a major VRP RNA band of about 2.4 
kb. A minor band of about 2.2 kb may also be present. A 2.4 kb band was expressed in adult human tissues from 
heart, placenta, ovary, and small intestine; a weaker band was found in lung, skeletal muscle, spleen, prostrate, 
15 testis, and colon. Expression of a 2.4 kb mRNA was also found in fetal lung and kidney. 

EXAMPT,F7 
Mitogenic Activity of VRP 
To test whether VRP has mitogenic activity like that found for VEGF, the growth of human lung 
endothelial cells was determined at increasing concentrations of VRP or VEGF (Figure 6). Specifically, human 
2 0 lung microvascular endothelial cells (HMVEC-L, Clonetics, San Diego, CA) were maintained in the 
recommended growth medium (EGM-MV with 5% fetal calf serum). For the assay of mitogenesis. low passage 
(<6) cells were seeded at 6500 cells/well in 48-well plates (Costar) and maintained ovemightin the recommended 
growth medium. The medium was removed, and the cells were maintained in the growth medium (2% fetal calf 
serum) without bovine brain extract and supplemented with VEGF or VRP. After four days, the cells were 

2 5 removed with trypsin and counted with a Coulter counter (Hialeah, FL). 

VRP promoted the growth of these endothelial cells (see Fig, 6), and thus shares this mitogenic activity 
with VEGF. This is in contrast to PIGF, which has been reported to lack such mitogenic activity (at < 35 nM). 
Park et ai, supra. While an effective mitogenic agent, VRP was about 100 fold less potent than VEGF in this 
assay. 

3 0 In conclusion, a novel secreted protein, VRP. has now been identified that is a Fll4 ligand and that 

stimulates the tyrosme phosphorylation of the receptor t>Tosme kinase Flt4. VRP is a third member of the VEGF 
protein family and has about 30% amino acid identity with VEGF and PIGF. In addition to the VEGF-like 
domain, VRP contains a -180 ammo acid C-temiinal, cystcmc-rich domain not found in other members of the 
VEGF family. VRP fails to interact appreciably with the VEGF receptors Fltl and Flkl. 
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Deposit of Material 

The foilowing plasmid has been deposited with the American Type Culture Collection, 12301 Parklawn 
Drive. Rockville. MD, USA (ATCC): 

Plasmid ATCC Dep. No. DepQsU P^te 

pRK.vhl.4.1 97249 Septembers, 1995 

This deposit was made under the provisions of the Budapest Treaty on the International Recognition 
of the Deposit of Microorganisms for the Purpose of Patent Procedure and the Regulations thereunder (Budapest 
Treaty). This assures maintenance of a viable culture of the deposit for 30 years from the date of deposit. The 
deposit will be made available by ATCC under the terms of the Budapest Treaty, and subject to an agreement 
between Genentech, Inc. and ATCC, which assures permanent and unrestricted availability of the progeny of the 
culture of the deposit to the public upon issuance of the pertinent U.S. patent or upon laying open to the public 
of any U.S. or foreign patent application, whichever comes first, and assures availability of the progeny to one 
determined by the U.S. Commissioner of Patents and Trademarks to be entitled thereto according to 35 USC 
§122 and the Commissioner's rules pursuant thereto (including 37 CFR § 1.14 with particular reference to 886 
OG 638), 

The assignee of the present application has agreed that if a culture of the plasmid on deposit should die 
or be lost or destroyed when cultivated under suitable conditions, the plasmid will be promptly replaced on 
notification with another of the same plasmid- Availability of the deposited plasmid is not to be construed as a 
license to practice the invention in contravention of the rights granted under the authority of any government in 
accordance with its patent laws. 

The foregoing wriUcn specification is considered to be sufficient to enable one skilled in the art to 
practice Ac invention. The present invention is not to be limited in scope by the construct deposited, since the 
deposited embodiment is intended as a single illustration of certain aspects of the invention and any constructs 
that are functionally equivalent arc within the scope of this invention. The deposit of material herein does not 
constitute an admission that the written description herein contained is inadequate to enable the practice of any 
aspect of the invention, including the best mode thereof, nor is it to be construed as limiting the scope of the 
claims to the specific illustrations that it represents. Indeed, various modifications of the invention in addition 
to those shown and described herein will become apparent to those skilled in the art from the foregoing 
description and fall within the scope of the appended claims. 

Throughout this specification and the claims which follow, unless 
the context requires otherwise, the word '■comprise", or variations such 
as "comprises" or "comprismg" , will be understood to imply the inclusion 
of a stated integer or step or group of integers or steps but not the 
exclusion of any other integer or step or group of integers or steps. 



wo 97/09427 PCT/US96/14075 



SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: Genentech, Inc. 
(ii) TITLE OF INVENTION: VEGF-Related Protein 
5 Ciii) NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE : Genentech, Inc . 

(B) STREET: 460 Poxnt San Bruno Blvd 

(C) CITY: South San Francisco 
10 (D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 
15 (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 

2 0 (B) FILING DATE: 

(C) CLASSIFICATION: 

( viii ) ATTORNEY /AGENT INFORMATION : 

(A) NAME: Lee, Wendy M. 

(B) REGISTRATION NUMBER: P-40,378 

25 (C) REFERENCE/DOCKET NUMBER: P0963PCT 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415/225-1994 

(B) TELEFAX: 415/952-9881 

(C) TELEX: 910/371-7168 

3 0 (2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 031 base paxrs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 
3 5 (D) TOPOLOGY: Linear 

(xi) SEQL^ENCE DESCRIPTION: SEQ ID NO : 1 : 



CGCGGGGTGT TCTGGTGTCC CCCGCCCCGC CTCTCCAAAA AGCTACACCG 5 0 

ACGCGGACCG CGGCGGCGTC CTCCCTCGCC CTCGCTTCAC CTCGCGGGCT ICQ 

CCGAA.TGCGG GGAGCTCGGA TGTCCGGTTT CCTGTGAGGC TTTTACCTGA 150 

4 0 CACCCGCCGC CTTTCCCCGG CACTGGCTGG GAGGGCGCCC TGCAAAGTTG 2 00 
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GGAACGCGGA GCCCCGGACC CGCTCCCGCC GCCTCCGGCT CGCCCAGGGG 250 
GGGTCGCCGG GAGGAGCCCG GGGGAGAGGG ACCAGGAGGG GCCCGCGGCC 3 00 
TCGCAGGGGC GCCCGCGCCC CCACCCCTGC CCCCGCCAGC GGACCGGTCC 3 50 
CCCACCCCCG GTCCTTCCAC CATGCACTTG CTGGGCTTCT TCTCTGTGGC 4 00 
GTGTTCTCTG CTCGCCGCTG CGCTGCTCCC GGGTCCTCGC GAGGCGCCCG 450 
CCGCCGCCGC CGCCTTCGAG TCCGGACTCG ACCTCTCGGA CGCGGAGCCC 500 
GACGCGGGCG AGGCCACGGC TTATGCAAGC AAAGATCTGG AGGAGCAGTT 55 0 
ACGGTCTGTG TCCAGTGTAG ATGAACTCAT GACTGTACTC TACCCAGAAT 60 0 
ATTGGAAAAT GTACAAGTGT CAGCTAAGGA AAGGAGGCTG GCAACATAAC 65 0 
AGAGAACAGG CCAACCTCAA CTCAAGGACA GAAGAGACTA TAAAAriTGC 700 
TGCAGCACAT TATAATACAG AGATCTTGAA AAGTATTGAT AATGAGTGGA 750 
GAAAGACTCA ATGCATGCCA CGGGAGGTGT GTATAGATGT GGGGAAGGAG 8 00 
rrTGGAGTCG CGACAAACAC CTTCTTTAAA CCTCCATGTG TGTCCGTCTA 8 50 
CAGATGTGGG GGTTGCTGCA ATAGTGAGGG GCTGCAGTGC ATGAACACCA 900 
GCACGAGCTA CCTCAGCAAG ACGTTATTTG AAATTACAGT GCCTCTCTCT 950 
CAAGGCCCCA AACCAGTAAC AATCAGTTTT GCCAATCACA CTTCCTGCCG 100 0 
ATGCATGTCT AAACTGGATG TTTACAGACA AGTTCATTCC ATTATTAGAC 105 0 
GTTCCCTGCC AGCAACACTA CCACAGTGTC AGGCAGCGAA CAAGACCTGC 1100 
CCCACCAATT ACATGTGGAA TAATCACATC TGCAGATGCC TGGCTCAGGA 115 0 
AGATTTTATG TTTTCCTCGG ATGCTGGAGA TGACTCAACA GATGGATTCC 120 0 
ATGACATCTG TGGACCAAAC AAGGAGCTGG ATGAAGAGAC CTGTCAGTGT 125 0 
GTCTGCAGAG CGGGGCTTCG GCCTGCCAGC TGTGGACCCC ACAAAGAACT 13 0 0 
AGACAGAAAC TCATGCCAGT GTGTGTGTAA AAACAAACTC TTCCCCAGCC 13 5 0 
AATGTGGGGC CAACGGAGAA TTTGATGAAA ACACATGCCA GTGTGTATGT 14 00 
2 5 AAAAGAACCT GCCCCAGAAA TCAACCCCTA AATCCTGGAA AATGTGCCTG 14 5 0 
TGAATGTACA GAAAGTCCAC AGAAATGCTT GTTAAAAGGA AAGAAGTTGC 15 0 0 
ACCACCAAAC ATGCAGCT3T TACAGACGGC CATGTACGAA CC3CCAGAAG 15 5 0 
GCTTGTGAGC CAGGATTTTC ATATAGTGAA GAAGTGTGTC GTTGTGTCGC 16 0 0 
TTCATATTGG AAAAGACCAC AAATGAGCTA AGATTGTACT GTrTTCCAGT 16 5 0 



15 



20 
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TCATCGATTT TCTATTATGG AAAACTGTGT TGCCACAGTA GAACTGTCTG 17 00 
TGAACAGAGA GACCCTTGTG GGTCCATGCT AACAAAGACA AAAGTCTGTC 175 0 
TTTCCTGAAC CATGTGGATA ACTTTACAGA AATGGACTGG AGCTCATCTG 18 00 
CAAAAGGCCT CTTGTAAAGA CTGGTTTTCT GCCAATGACC AAACAGCCAA 1850 
GATTTTCCTC TTGTGATTTC TTTAAAAGAA TGACTATATA ATTTATTTCC 1900 
ACTAAAAATA TTGTTTCTGC ATTCATTTTT ATAGCAACAA CAATTGGTAA 195 0 
AACTCACTGT GATCAATATT TTTATATCAT GCAAAATATG TTTAAAATAA 2 0 00 
AATGAAAATT GTATTAAAAA AAAAAAAAAA A 2031 
(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 031 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

TTTTTTTTTT TTTTTTAATA CAATTTTCAT TTTATTTTAA ACATATTTTG 5 0 
CATGATATAA AAATATTGAT CACAGTGAGT TTTACCAATT GTTGTTGCTA 100 
TAAAAATGAA TGCAGAAACA ATATTTTTAG TGGAAATAAA TTATATAGTC 15 0 
ATTCTTTTAA AGAAATCACA AGAGGAAAAT CTTGGCTGTT TGGTCATTGG 200 
2 0 CAGAAAACCA GTCTTTACAA GAGGCCTTTT GCAGATGAGC TCCAGTCCAT 25 0 
TTCTGTAAAG TTATCCACAT GGTTCAGGAA AGACAGACTT TTGTCTTTGT 3 00 
TAGCATGGAC CCACAAGGGT CTCTCTGTTC ACAGACAGTT CTACTGTGGC 3 50 
AACACAGTTT TCCATAATAG AAAATCGATG AACTGGAAAA CAGTACAATC 4 00 
TTAGCTCATT TGTGGTCTTT TCCAATATGA AGGGACACAA CGACACACTT 4 50 
2 5 CTTCACTATA TGAAAATCCT GGCTCACAAG CCTTCTGGCG GTTCGTACAT 500 
GGCCGTCTGT AACAGCTGCA TGTTTGGTGG TGGAACTTCT TTCCTTTTAA 5 50 
CAAGCATTTC TGTGGACTTT CTGTACATTC ACAGGCACAT TTTCCAGGAT 6 00 
TTAGGGGTTG ATTTCTGGGG CAGGTTCTTT TACATACACA CTGGCATGTG 6 5G 
TTTTCATCAA ATTCTCGGTT GGCCCCACAT TGGCTGGGGA AGAGTTTGTT 70 0 
TTTACAGACA CACTGGCATG AGTTTCTGTC TAGTTCTTTG TGGGGTCCAC 7 50 
AGCT3GCAGG CCGAAGCCCC GCTCTGCAGA CACACTGACA GGTCTCTTCA 800 
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TCCAGCTCCT TGTTTGGTCC ACAGATGTCA TGGAATCCAT CTGTTGAGTC 850 
ATCTCCAGCA TCCGAGGAAA ACATAAAATC TTCCTGAGCC AGGCATCTGC 900 
AGATGTGATT ATTCCACATG TAATTGGTGG GGCAGGTCTT GTTCGCTGCC 95 0 
TGACACTGTG GTAGTGTTGC TGGCAGGGAA CGTCTAATAA TGGAATGAAC 10 00 
5 TTGTCTGTAA ACATCCAGTT TAGACATGCA TCGGCAGGAA GTGTGATTGG 1050 
CAAAACTGAT TGTTACTGGT TTGGGGCCTT GAGAGAGAGG CACTGTAATT 1100 
TCAAATAACG TCTTGCTGAG GTAGCTCGTG CTGGTGTTCA TGCACTGCAG 115 0 
CCCCTCACTA TTGCAGCAAC CCCCACATCT GTAGACGGAC ACACATGGAG 12 0 0 
GTTTAAAGAA GGTGTTTGTC GCGACTCCAA ACTCCTTCCC CACATCTATA 12 50 

10 CACACCTCCC GTGGCATGCA TTGAGTCTTT CTCCACTCAT TATCAATACT 13 00 
TTTCAAGATC TCTGTATTAT AATGTGCTGC AGCAAATTTT ATAGTCTCTT 13 5 0 
CTGTCCTTGA GTTGAGGTTG GCCTGTTCTC TGTTATGTTG CCAGCCTCCT 14 00 
TTCCTTAGCT GACACTTGTA CATTTTCCAA TATTCTGGGT AGAGTACAGT 14 50 
CATGAGTTCA TCTACACTGG ACACAGACCG TAACTGCTCC TCCAGATCTT 15 00 

15 TGCTTGCATA AGCCGTGGCC TCGCCCGCGT CGGGCTCCGC GTCCGAGAGG 1550 
TCGAGTCCGG ACTCGAAGGC GGCGGCGGCG GCGGGCGCCT CGCGAGGACC 16 00 
CGGGAGCAGC ACAGCGGCGA GCAGAGAACA CGCCACAGAG AAGAAGCCCA 16 5 0 
GCAAGTGCAT GGTGGAAGGA CCGGGGGTGG GGGACCGGTC CGCTGGCGGG 17 0 0 
GGCAGGGGTG GGGGCGCGGG CGCCCCTGCG AGGCCGCGGG CCCCTCCTGG 17 5 0 

2 0 TCCCTCTCCC CCGGGCTCCT CCCGGCGACC CCCCCTGGGC GAGCCGGAGG 18 00 
CGGCGGGAGC GGGTCCGGGG CTCCGCGTTC CCAACTTTGC AGGGCGCCCT 18 5 0 
CCCAGCCAGT ACCGGGGAAA GGCGGCGGGT GTCAGGTAAA AGCCTCACAG 190 0 
GAAACCGGAC ATCCGAGCTC CCCGCATTCG GAGCCCGCGA GGTGAAGCGA 195 0 
GGGCGAGGGA GGACGCCGCC GCGGTCCGCG TCGGTGTAGC TTTTTGGAGA 2 00 0 

2 5 GGCGGGGCGG GGGACACCAG AACACCCCGC G 2 031 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH; 419 ammo acxds 

(B) TYPE: Amino Acid 

3 0 (D) TOPOLOGY: Linear 

(XI) SEQUENCE DESCRIPTION; SEQ ID NO ; 3 : 
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Met His Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala 
IS 10 15 

Ala Ala Leu Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala 
20 25 30 

5 Ala Phe Glu Ser Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala 

35 40 45 

Gly Glu Ala Thr Ala Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu 
50 55 60 

Arg Ser Val Ser Ser Val Asp Glu Leu Met Thr Val Leu Tyr Pro 
^0 65 70 75 

Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp 
80 85 90 

Gin His Asn Arg Glu Gin Ala Asn Leu Asn Ser Arg Thr Glu Glu 
55 100 

15 Thr He Lys Phe Ala Ala Ala His Thr Asn Thr Glu He Leu Lys 

115 120 

Ser He Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro Arg Glu 
125 130 135 

Val Cys He Asp Val Gly Lys Glu Phe Gly Val Ala Thr Asn Thr 
20 140 145 ISO 

Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys 
155 160 165 

Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr Ser Tyr 
170 175 lao 

25 Leu Ser Lys Thr Leu Phe Glu He Thr Val Pro Leu Ser Gin Gly 

135 190 195 

Pro Lys Pro Val Thr He Ser Phe Ala Asn His Thr Ser Cys Arg 
200 205 210 

Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser He He 
^0 215 220 225 

Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn 
230 235 240 

Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn H±s He Cys Arg 
245 250 255 

3 5 Cys Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asd Ala Gly Asp 

260 265 " 270 

Asp Ser Thr Asp Gly Phe H^s Asp He Cys Gly Pro Asn Lys Glu 
^"^5 280 2S5 



Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Arg Ala 01 



V Leu ArcT 
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290 295 300 

Pro Ala Ser Cys Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys 
305 310 315 

Gin Cys Val Cys Lys Asn Lys Leu Phe Pro Ser Gin Cys Gly Ala 
^ 320 325 330 

Asn Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys Val Cys Lys Arg 
335 340 345 

Thr Cys Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys Cys Ala Cys 
350 355 360 

10 Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly Lys Lys 

365 370 375 

Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr Asn 
380 385 390 

Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val 
^5 395 400 405 

Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met Ser 
410 415 419 

(2) INFORMATION FOR SEQ- ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

2 0 (A) LENGTH: 14 7 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu 
25 1 5 10 15 

Leu Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala 
20 25 30 

Glu Gly Gly Gly Gin Asn His His Glu Val Val Lys Phe Met Asp 
35 40 45 

3 0 Val Tyr Gin Arg Ser Tyr Cys His Pro lie Glu Thr Leu Val Asp 

50 55 60 

lie Phe Gin Glu Tyr Pro Asp Glu lie Glu Tyr lie Phe Lys Pro 
65 70 75 

Ser Cys Val Pro Leu Met Arg Cys Gly Gly Cys Cys Asn Asp Glu 
35 80 85 90 

Gly Leu Glu Cys Val Pro Thr Glu Glu Ser Asn lie Thr Met Gin 
^5 100 105 

lie Met Arg lie Lys Pro His Gin Gly Gin H:ls lie Gly Glu Met 

115 120 
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Ser Phe Leu Gin His Asn Lys Cys Glu Cys Arg Pro Lys Lys Asp 
125 130 

Arg Ala Arg Gin Glu Lys Cys Asp Lys Pro Arg Arg 
140 145 

5 (2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 9 amxno acids 

(B) TYPE: Amino Acid 
( D ) TOPOLOGY : Linear 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 

Met Pro Val Met Arg Leu Phe Pro Cys Phe Leu Gin Leu Leu Ala 
^5 10 15 

Gly Leu Ala Leu Pro Ala Val Pro Pro Gin Gin Trp Ala Leu Ser 
20 25 30 

15 Ala Gly Asn Gly Ser Ser Glu Val Glu Val Val Pro Phe Gin Glu 

35 40 45 

Val Trp Gly Arg Ser Tyr Cys Arg Ala Leu Glu Arg Leu Val Asp 
50 55 60 

Val Val Ser Glu Tyr Pro Ser Glu Val Glu His Met Phe Ser Pro 
20 65 70 75 

Ser Cys Val Ser Leu Leu Arg Cys Thr Gly Cys Cys Gly Asp Glu 
80 85 90 

Asn Leu His Cys Val Pro Val Glu Thr Ala Asn Val Thr Met Gin 
95 100 105 

25 Leu Leu Lys He Arg Ser Gly Asp Arg Pro Ser Tyr Val Glu Leu 

110 115 120 

Thr Phe Ser Gin His Val Arg Cys Glu Cys Arg Pro Leu Arg Glu 
125 130 135 

Lys Met Lys Pro Glu Arg Cys Gly Asp Ala Val Pro Arg Arg 
30 140 145 149 

(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 299 base pairs 

(B) TYPE: Nucleic Acid 
35 (C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(XI ) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 
CCGTCTACAG ATGTGGGGGT TGCTGCAATA GTGAGGGGCT GCAGTGCATG 5 0 



- 51 - 



wo 97/09427 



PCT/US96/14075 



AACACCAGCA CGAGCTACCT CAGNAAGACG TTATTTGAAA TTACAGTGCC 10 0 
TCTCTCTCAA GGCCCCAAAC CAGTAACAAT CAGTTTTGCC AATCACACTT ISO 
CCTGCCGATG CATGTCTAAA CTGGATGTTT ACAGACAAGT TCATTCCATT 200 
ATTAGACGTT CCCTGCCAGC AACACTACCA CAGTGTCAGG CAGCGAACAA 250 
GACCTGCCCC ACCAATTACA TGTGGAATAA TCACATCTGC AGATGCCTG 2 99 



(2) INFORMATION FOR SEQ ID NO : 7 : 



10 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 0 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

( D ) TOPOLOGY : Linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 



CTGGTGTTCA TGCACTGCAG CCCCTCACTA TTGCAGCAAC CCCCACATCT 5 0 
(2) INFORMATION FOR SEQ ID NO : 8 : 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

2 0 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 



GCATCTGCAG ATGTGATTAT TCCACATGTA ATTGGTGGGG CAGGTCTTGT 5 0 



(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 
2 5 (B) TYPE: Ammo Acid 

(D) TOPOLOGY: Linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

Tyr Ser Met Thr Pro Pro Thr Leu 
1 5 8 

3 0 (2) INFORMATION FOR SEQ ID NO : 1 0 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 ammo acids 

(B) TYPE: Ammo Acid 
(D) TOPOLOGY: Linear 

3 5 (xi) SEQUEi;CE DESCRIPTION: SEQ ID NO: 10: 

Ser Leu Arg Arg Arg Gla Gin Gin Asp 
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15 9 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 0 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY : Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Lys Tyr Ala Leu Ala Asp Ala Ser Leu Lys Met Ala Asp Pro Asn 
IS 10 15 

Arg Phe Arg Gly Lys Asp Leu Pro Val Leu Asp Gin Leu Leu Glu 
20 25 30 

Gly Gly Ala Ala His Tyr Ala Leu Leu Pro 
35 40 

(2) INFORMATION FOR SEQ ID NO : 12 : 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: Amino Acid 
( D ) TOPOLOGY : Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 12 : 

20 Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu 
1 5 10 13 
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CLAIMS: 

1 . Isolated biologically active human VEGF-related protein (VRP) containing at least 
265 amino acids having the ability to bind and stimulate phosphorylation of a Flt4 
receptor. 

2. The protein of claim 1 containing 265 to about 450 amino acids. 

3. The protein of claim 1 containing about 300-450 amino acids. 

4. The protein of claim 1 containing 350-450 amino acids. 

5. The protein of claim 1 containing about 399-419 amino acids. 

6. The protein of claim 1 comprising an amino acid sequence having: 

(a) at least residues +1 through 29, inclusive, of Figure 1 ; 

(b) at least residues +1 through 137, inclusive, of Figure 1; 

( c ) at least residues -20 through 29, inclusive, of Figure 1 ; or 
( d) at least residues -20 through 137, inclusive, of Figure 1. 

7. Isolated biologically active human VEGF-related protein (VRP) comprising an amino 
acid sequence comprising at least residues +1 through 29, inclusive, of Figure 1, at 
least residues +1 through 137, inclusive, of Figure 1, at least residues -20 through 29, 
inclusive, of Figure I, or at least residues -20 through 137, inclusive, of Figure 1. 

8. Isolated biologically active human VEGF-related protein (VRP) comprising an amino 
acid sequence shown as residues -20 through 399, inclusive, or residues 1 through 
399, inclusive, of Figure 1. 

9. A composition comprising the protein of any one of claims 1-8 and a 
pharmaceutically acceptable carrier. 

10. A pharmaceutical composition useful for promotion of vascular endothelial cell 
growth comprising a therapeutically effective amount of the protein of any one of 
claims 1-8 in a pharmaceutically acceptable carrier. 

1 1 . The composition of claim 10 further comprising a cell growth factor other than said 
protein. 

12. Use of the protein of any one of claims 1-8 or the composition of claim 9 or 10 m the 
manufacture of a medicament for treating trauma affecting the vascular endothelium 
or for treating a dysfunctional state characterised by lack of activation or lack ot 
inhibition of a receptor for VRP in a mammal. 
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13. The use of claim 12 where the medicament further comprising a cell growth factor 
other than the protein. 

14. A method for stimulating the phosphorylation of a tyrosine kinase domain of a Flt4 
receptor comprising contacting an extracellular domain of the Flt4 receptor with the 

5 protein of any one of claims 1-8. 

15. A chimeric polypeptide comprising the protein of any one of claims 1-8 fused to a tag 
polypeptide sequence. 

16. A monoclonal antibody which binds to the protein of any one of claims 1-8 and 
neutralises a biological activity of the protein. 

10 17. The antibody of claim 16 wherein the biological activity of the protein is promoting 
neovascularization or vascular permeability or vascular endothelial cell growth in a 
mammal. 

18. A monoclonal antibody which binds to the N-terminal portion from residues -20 
through 137, inclusive, or from residues 1 through 137, inclusive, of the amino acid 

15 sequence shown in Figure 1 . 

19. A composition comprising the antibody of one of claims 16, 17 or 18 and a 
pharmaceutically acceptable carrier. 

20. Use of the antibody of any one of claims 16-18 or the composition of claim 19 in the 
manufacture of a medicament for treating diseases or disorders characterised by 

20 undesirable excessive neovasculariation or vascular permeability in a mammal or for 

treating a dysfunctional state characterised by excessive activation or inhibition of a 
receptor for VRP in a mammaL 

21. A peptide consisting of an amino acid sequence shown as residues -20 through - I, 
inclusive, of Figure L 

25 22. A method for treating Karposi's sarcoma or a dysfunctional state characterised by 
excessive activation or inhibition of a receptor for VRP in a mammal comprising 
adminstering to the mammal an effective amount of a VRP antagonist. 

23. An isolated mucleic acid molecule encoding the protein of any one of claims 1-8. 

24. The nucleic acid molecule of claim 23 further comprising a promoter operably linked 
30 to the nucleic acid molecule. 

25. A vector comprising the nucleic acid molecule of claim 23. 

26. An expression vector comprising the nucleic acid molecule of claim 23 operably 
linked to control sequences recognised by a host cell transformed with the vector. 
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27. A host cell comprising the nucleic acid molecule of claim 23. 

28. A method of producing VRP comprising culturing the host cell of claim 27 and 
recovering VRP from the host cell culture. 

DATED this 8* day of July 1999. 
GENENTECH, INC. 
By their Patent Attorneys 
DAVIES COLLISON CAVE 
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FIGURE lA 



1 CGCGGGGTGT TCTGGTGTCC CCCGCCCCGC CTCTCCAAAA AGCTACACCG ACGCGGACCG 
GCGCCCCACA AGACCACAGG GGGCGGGGCG GAGAGGTTTT TCGATGTGGC TGCGCCTGGC 

BStI 

61 CGGCGGCGTC CTCCCTCGCC CTCGCTTCAC CTCGCGGGCT CCGAATGCGG GGAGCTCGGA 
GCCGCCGCAG GAGGGAGCGG GAGCGAAGTG GAGCGCCCGA GGCTTACGCC CCTCGAGCCT 

121 TGTCCGGTTT CCTGTGAGGC TTITACCTGA CACCCGCCGC CTrTCCCCGG CACTGGCTGG 
ACAGGCCAAA GGACACTCCG AAAATGGACT GTGGGCGGCG GAAAGGGGCC GTGACCGACC 

kasi 

181 GAGGGCGCCC TGCAAAGTTG GGAACGCGGA GCCCCGGACC CGCTCCCGCC GCCTCCGGCT 
CTCCCGCGGG ACGTTTCAAC CCTTGCGCCT CGGGGCCTGG GCGAGGGCGG CGGAGGCCGA 

241 CGCCCAGGGG GGGTCGCCGG GAGGAGCCCG GGGGAGAGGG ACCAGGAGGG GCCCGCGGCC 
GCGGGTCCCC CCCAGCGGCC CTCCTCGGGC CCCCTCTCCC TGGTCCTCCC CGGGCGCCGG 

agel 

3 01 TCGCAGGGGC GCCCGCGGCC CCACCCCTGC CCCCGCCAGC GGACCGGTCC CCCACCCCCG 
AGCGTCCCCG CGGGCGCGGG GGTGGGGACG GGGGCGGTCG CCTGGCCAGG GGGTGGGGGC 

3 61 GTCCTTCCAC CATGCACTTG CTGGGCTTCT TCTCTGTGGC GTGTTCTCTG CTCGCCGCTG 
CAGGAAGGTG GTACGTGAAC GACCCGAAGA AGAGACACCG CACAAGAGAC GAGCGGCGAC 
MHLLGFFSVACSLLAAA 

kasi 

421 CGCTGCTCCC GGGTCCTCGC GAGGCGCCCG CCGCCGCCGC CGCCTTCGAG TCCGGACTCG 
GCGACGAGGG CCCAGGAGCG CTCCGCGGGC GGCGGCGGCG GCGGAAGCTC AGGCCTGAGC 
-3 LLP GPR EAPAAAA AFE SGLD 

481 ACCTCTCGGA CGCGGAGCCC GACGCGGGCG AGGCCACGGC TTATGCAAGC AAAGATCTGG 
TGGAGAGCCT GCGCCTCGGG CTGCGCCCGC TCCGGTGCCG AATACGTTCG TTTCTAGACC 
18 LSD AEP DAGEATA YAS K D h 

541 AGGAGCAGTT ACGGTCTGTG TCCAGTGTAG ATGAACTCAT GACTGTACTC TACCCAGAAT 
TCCTCGTCAA TGCCAGACAC AGGTCACATC TACTTGAGTA CTGACATGAG ATGGGTCTTA 
38 EQL RSV SSVDELM TVL YPEY 



wo 97/09427 



PCT/US96/14075 



2/9 



FIGURE IB 



6 01 ATTGGAAAAT GTACAAGTGT CAGCTAAGGA AAGGAGGCTG GCAACATAAC AGAGAACAGG 
TAACCTTTTA CATGTTCACA GTCGATTCCT TTCCTCCGAC CGTTGTATTG TCTCTTGTCC 
58 WKM YKC QLRKGGW QHN REQA 

661 CCAACCTCAA CTCAAGGACA GAAGAGACTA TAAAATTTGC TGCAGCACAT TATAATACAG 
GGTTGGAGTT GAGTTCCTGT CTTCTCTGAT ATTTTAAACG ACGTCGTGTA ATATTATGTC 
78 NLN SRT EETIKFA AAH TNTE 

BphI 

721 AGATCTTGAA AAGTATTGAT AATGAGTGGA GAAAGACTCA ATGCATGCCA CGGGAGGTGT 
TCTAGAACTT TTCATAACTA TTACTCACCT CTTTCTGAGT TACGTACGGT GCCCTCCACA 
98 ILK SID NEWRKTQ C MP REVC 

781 GTATAGATGT GGGGAAGGAG TTTGGAGTCG CGACAAACAC CTTCTTTAAA CCTCCATGTG 
CATATCTACA CCCCTTCCTC AAACCTCAGC GCTGTTTGTG GAAGAAATTT GGAGGTACAC 
118 IDV GKE FG VATNT FFK PPCV 

acci 

841 TGTCCGTCTA CAGATGTGGG GGTTGCTGCA ATAGTGAGGG GCTGCAGTGC ATGAACACCA 
ACAGGCAGAT GTCTACACCC CCAACGACGT TATCACTCCC CGACGTCACG TACTTGTGGT 
138 SVY RCG GCCNSEG LQC MNTS 

9 01 GCACGAGCTA CCTCAGCAAG ACGTTATTTG AAATTACAGT GCCTCTCTCT CAAGGCCCCA 
CGTGCTCGAT GGAGTCGTTC TGCAATAAAC TTTAATGTCA CGGAGAGAGA GTTCCGGGGT 
158 TSY LSK TLFEITV PLS QGPK 

961 AACCAGTAAC AATCAGTTTT GCCAATCACA CTTCCTGCCG ATGCATGTCT AAACTGGATG 
TTGGTCATTG TTAGTCAAAA CGGTTAGTGT GAAGGACGGC TACGTACAGA TTTGACCTAC 
178 PVT ISF ANHTSCR CMS KLDV 

1021 TTTACAGACA AGTTCATTCC ATTATTAGAC GTTCCCTGCC AGCAACACTA CCACAGTGTC 
AAATGTCTGT TCAAGTAAGG TAATAATCTG CAAGGGACGG TCGTTGTGAT GGTGTCACAG 
198 YRQ VHS IIRRSLP ATL PQC^Q 
• 

10 81 AGGCAGCGAA CAAGACCTGC CCCACCAATT ACATGTGGAA TAATCACATC TGCAGATGCC 
TCCGTCGCrr GTTCTGGACG GGGTGGTTAA TGTACACCTT ATTAGTGTAG ACGTCTACGG 
218 AAN KTC PTNYMWN NHI CRCL 
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FIGURE IC 



1141 TGGCTCAGGA AGATTTTATG TTTTCCTCGG ATGCTGGAGA TGACTCAACA GATGGATTCC 
ACCGAGTCCT TCTAAAATAC AAAAGGAGCC TACGACCTCT ACTGAGTTGT CTACCTAAGG 
238 AQE DFM FSSDAGD DST DGFH 

12 01 ATGACATCTG TGGACCAAAC AAGGAGCTGG ATGAAGAGAC CTGTCAGTGT GTCTGCAGAG 

TACTGTAGAC ACCTGGTTTG TTCCTCGACC TACTTCTCTG GACAGTCACA CAGACGTCTTC 
258 Die GPN KELDEET CQC VCRA 

1261 CGGGGCTTCG GCCTGCCAGC TGTGGACCCC ACAAAGAACT AGACAGAAAC TCATGCCAGT 
GCCCCGAAGC CGGACGGTCG ACACCTGGGG TGTTTCTTGA TCTGTCTTTG AGTACGGTCA 
278 GLR PAS CGPHKEL DRN SCQC 

13 21 GTGTCTGTAA AAACAAACTC TTCCCCAGCC AATGTGGGGC CAACCGAGAA TTTGATGAAA 

CACAGACATT TTTGTTTGAG AAGGGGTCGG TTACACCCCG GTTGGCTCTT AAACTACTTT 
298 VCK NKL FPSQCGA NRE FDEN 

13 81 ACACATGCCA GTGTGTATGT AAAAGAACCT GCCCCAGAAA TCAACCCCTA AATCCTGGAA 

TGTGTACGGT CACACATACA TTTTCTTGGA CGGGGTCTTT AGTTGGGGAT TTAGGACCTT 
318 TCQ CVC KRTCPRN QPL NPGK 

14 41 AATGTGCCTG TGAATGTACA GAAAGTCCAC AGAAATGCTT GTTAAAAGGA AAGAAGTTCC 

TTACACGGAC ACTTACATGT CTTTCAGGTG TCTTTACGAA CAATTTTCCT TTCTTCAAGG 
338 CAC ECT ESPQKCL LKG KKFH 

eael 

IS 01 ACCACCAAAC ATGCAGCTGT TACAGACGGC CATGTACGAA CCGCCAGAAG GCTTGTGAGC 
TGGTGGTTTG TACGTCGACA ATGTCTGCCG GTACATGCTT GGCGGTCTTC CGAACACTCG 
358 HQT CSC YRRPCTN RQK ACEP 

1561 CAGGATTTTC ATATAGTGAA GAAGTGTGTC GTTGTGTCCC TTCATATTGG AAAAGACCAC 
GTCCTAAAAG TATATCACTT CTTCACACAG CAACACAGGG AAGTATAACC TTTTCTGGTG 
378 GFS YSE EVCRCVP SYW KRPQ 

clal 

1621 AAATGAGCTA AGATTGTACT GTTTTCCAGT TCATCGATTT TCTATTATGG AAAACTGTGT 
TTTACTCGAT TCTAACATGA CAAAAGGTCA AGTAGCTAAA AGATAATACC TTTTGACACA 
398 M S O 

16 81 TGCCACAGTA GAACTGTCTG TGAACAGAGA GACCCTTGTG GGTCCATGCT AACAAAGACA 
ACGGTGTCAT CTTGACAGAC ACTTGTCTCT CTGGGAACAC CCAGGTACGA TTGTTTCTGT 
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1741 AAAGTCTGTC TTTCCTGAAC CATGTGGATA ACTTTACAGA AATGGACTGG AGCTCATCTG 
TTTCAGACAG AAAGGACTTG GTACACCTAT TGAAATGTCT TTACCTGACC TCGAGTAGAC 

18 01 CAAAAGGCCT CTTGTAAAGA CTGGTTTTCT GCCAATGACC AAACAGCCAA GATTTTCCTC 
GTTTTCCGGA GAACATTTCT GACCAAAAGA CGGTTACTGG TrTGTCGGTT CTAAAAGGAG 

18 61 TTGTGATTTC TTTAAAAGAA TGACTATATA ATTTATTTCC ACTAAAAATA TTGTTTCTGC 

AACACTAAAG AAATTTTCTT ACTGATATAT TAAATAAAGG TGATTTTTAT AACAAAGACG 

1921 ATTCATTTTT ATAGCAACAA CAATTGGTAA AACTCACTGT GATCAATATT TTTATATCAT 
TAAGTAAAAA TATCGTTGTT GTTAACCATT TTGAGTGACA CTAGTTATAA AAATATAGTA 

19 81 GCAAAATATG TTTAAAATAA AATGAAAATT GTATTAAAAA AAAAAAAAAA A 

CGTTTTATAC AAATTTTATT TTACTTTTAA CATAATTTTT ' 1 - 1 " 1 " 1 " I " X " 1 " : " : - : ' T 
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